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ABSTRACT
The ro le  o f  aryne interm ediates in  the reaction s o f  
acetylaryln itrosam ines in  so lu tio n  has been in v estig a ted . 
P a rtic ip a tio n  by 3“t*“butylben2yne in  the decomposition o f  
£~t-butyl-N “n itrosoacetan ilxd e in  benzene, leading to  
m -t-butylphenyl a ce ta te , has been confirmed, although the 
major product, o-t*-butylphenyl a ce ta te , i s  formed pre­
dominantly from o-t-butylphenyl carbonium io n s , 5-t-B u ty l-  
l,if-*dihydronaphthalene-l,A*^endoxide has been iso la te d  
from the decomposition in  the presence o f furan. In  
common with the o-isom er, m- and £ -t~ b u ty l-N -n itro so -  
a ce ta n ilid es  y ie ld  ^aryne adduots* with 2 ,3 ,4 ,5 ^ te tr a -  
phenylcyolopentadienone in  benzene. They do n ot, however, 
form t - b u t y l - l , A-dihydronaphthalene-1,4-endoxide s with  
furan, and p a rtic ip a tio n  by a true aryne in  th e ir  rea ctio n s, 
and in  those o f unsu b stitu ted  N -n itrosoacetan xlid e, i s  
discounted. The nature o f  the arynoid interm ediate has 
n o t, in  sp ite  o f the elim ination  o f many p o s s ib i l i t i e s ,  
been con clu sively  e s ta b lish ed , but i t  i s  probably the 
dipolar conjugate base formed by removal o f an o-proton  
from the arenediazonium ca tio n . Anomalies sim ilar  to  
those observed in  the decomposition o f o -t-b u ty l-N -  
n itro so a ce ta n ilid e  are exh ib ited  by 2 ,5 -d x -t-b u ty l-N -  
n itr o so a ce ta n ilid e , which affords aryne adduots with
Vboth furan and anthracene in  greater y ie ld  than does the 
m ono-substituted nitrosam ide,
Aryne p a rtic ip a tio n  was not evident in  the h igh ly  
complex decompositions in  benzene of l,A **di-t-butyl-2,5~di- 
(N-nitrosoacetam ido)benzene, 2 , 3**di-t*-butyl-l, 3“*di-(N- 
nitrosoaoetam ido)benzene, and 4 -aoG toxy-2 ,3 -d i-t-b u ty l-  
N -n itrosoaoetan ilid e , Formation o f 2 ,5"*‘d i-t-b u ty lp h en o l, 
2 ,5 “di-t-butyl-£-benzoquinone, and a ce tic  anhydride in  the 
last-named reaction  in d ica tes  deacétylation  o f the in te r ­
mediate acetoxybenzenediazonium a ce ta te , and suggests  
that com plications in  the reaction s of the dinitrosam ides 
arise  from in tera c tio n  between the N-nitrosoacetamido 
substituents* The decompositions of diphenyl[ o-(N - 
nitrosoaoetamido)pheny]] phosphine oxide and d ieth y l
o-(N-nitrosoacetamido)phonyIphosphonato have been studied, 
and evidence o f aryne intermediacy obtained.
The r e su lts  are d iscussed  in  terms o f currently  
acceptable mechanisms for the decomposition o f N -n itroso -  
a ceta n ilid e  and, v/here necessary, m odifications to  these  
are suggested.
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2 .
PREAMBLE
The term ^radical introduced by Lavoisier^ in  1789? 
appeared frequently  in  chemical lite r a tu r e  during the nineteenth  
century; hut when i t  became p o ssib le  to  measure molecular w eights, 
many of the supposed *free radicals^ -  such as Kolbe*s "Methyl” 
and the "Ethyl" of Frankland^ -  were found to  be dimeric* By 
1890, few organic chemists were unw illing to  accept the  
r e s tr ic t io n s  inherent in  the Kelculean concept of the quadrivalency 
of carbon, in  return fo r  the s im p lif ica tio n  of handling 
stru ctu ra l problems afforded by that theory.
In 1900 Gcmberg^ ** announced th at h is  attempts to  prepare 
hexaphenylethane had convinced him of the ex isten ce of a h ighly  
rea ctiv e  free  rad ica l -  triphenylm ethyl. Paneth and Hofedit 
demonstrated the formation of gas-phase methyl ra d ica ls  from the 
p yro lysis  of tetram ethyl-lead  in  1929? but i t  was another f iv e  
years before the important ro le  of free  rad ica ls in  liqu id-phase  
reaction s began to  be appreciated,
gBamberger had shown in  1897 that when N -n itrosoaoetan ilid e  
v/as allowed to  decompose in  benzene, n itrogen was evolved and 
biphenyl, together with a ce tic  a c id , was formed;
PhN(NO)Ac + PhH >Ph,Ph + Ng + iLoOH
7Grieve and Hey now developed th is  reaction  as a syn th etic  
route to  d erivatives of biphenyl, using N -n itrosoaoetan ilid e
with a v a r ie ty  of mono su b stitu ted  aromatic su b stra tes. They 
found that the p o sitio n  at which su b stitu tion  occurred depended 
l i t t l e  on the e lec tro n ic  character of the su bstitu ent -  in  
marked contrast to  such reaction s as n itra tio n  and halogénation  
and concluded that the rea ctiv e  e n t ity  in  these experiments was 
an e le c tr ic a lly -n e u tr a l free  phenyl ra d ica l. Succeeding years 
saw great advances in  the f i e ld  of rad ica l chemistry -  and in  
the use of aoylarylnitrosam ines as sources of aryl ra d ic a ls .
Cadogan and Mbbert^ were su rely  ju s t i f ie d  in  describing as 
anomalous the decomposition of o^t—b u ty l-N -n itrosoacetan ilid e  
vfhen, in  196A, they discovered that th is  reaction  gave products 
which could not be recon ciled  w ith the interm ediacy of t-butylphenyl 
ra d ica ls , but rather, in d ica ted  p a rtic ip a tio n  by 3- t - b u t y l - l ,2-  
de hydrobenzene,
A dehydrobenzene sp ec ies had been suggested as ear ly
as 1927,^ but f i f t e e n  years passed before Wittig^^ su cc essfu lly  
ra tio n a lised  the excep tion a lly  rapid formation of 2- lith io b ip h en y l  
from f lu o r obenzene by invoking tran sien t 1 , 2-dehydrobenzene -  
an interm ediate in  which he. thought the charge to  be permanently ' 
orientated:
i
PllLi r-LlP P h li _j —< —^  I “     ^ {
4 ,
Compelling evidence fo r  the ex isten ce  of l , 2*-dehydrobenzene was
11presented by Roberts and h is  co lleagu es who obtained equal 
amounts of two d ifferen t is o to p ic a lly - la b e lle d  a n ilin e s  from 
£l-^^'0] chlorobenzene :
2
m .
This re su lt  was c le a r ly  incom patible with W ittig^s hypothesis 
of permanent charge-^orientation in  dehydrobenzene *
A p rereq u isite  to  d iscrim ination  between the parts played 
by dehydroaromatio sp ecies (arynes) and aryl ra d ica ls  in  the 
reaction s of acylarylnitrosam ines i s  a background knowledge 
of the chemistry o f both th ese interm ediates.
RRKS RADICALS M B  ARYNES
The l ife t im e  of a ohemical sp ec ies i s  determined by one
or other of two d is t in c t  fa c to r s:  the in tr in s ic  thermodynamic
s t a b i l i t y  of the e n t ity  or, more freq uen tly , i t s  r e a c t iv ity
tovfards i t s  environment, îüany free  ra d ica ls , such as methyl
and phenyl, are short l iv e d  -  but not unstable -  because th e ir
high energy contents ensure that they w il l  rap id ly  react with
5th e ir  surroundings# Paneth and Hof ed it z estim ated a h a l f - l i f e  of
the order of one thousandeth of a second fo r  the methyl rad ica l
in  th o ir  system# Other ra d ic a ls , however, ere u nstab le, and
decompose spontaneously -  thus the acetoxy ra d ica l g ives a methyl
12  13rad ica l and carbon d iox id e . ^
The triphenylm ethyl ra d ica l, although s ta b ilis e d  by the  
d é lo c a lisa tio n  of i t s  unpaired e lectron , has never been iso la te d  
as other than the dimer w ith which i t  i s  in  equilibrium# I t  
has been ca lcu lated  that were i t  p o ssib le  to  obtain  a one per 
cent so lu tion  of triphenylm ethyl, i t  would be h a lf  dimerised in  
about one ten th  of a s e c o n d S o m e  ra d ica ls , because of th e ir  
resonance s ta b il is a t io n  and the s te r io  hindrance to  th e ir  
combination, show l i t t l e  or no tendency to d im erise. 
Diphenylpicrylhydrazyl (l)^^  and "G-alvinoxyl" are
c r y s ta llin e  so lid s  which can be kept exposed to  the atmosphere
6 ,
P h ^ N -N -( / O CH/ / ^ v y - C = /  )=^0
( I )  ( I I )
fo r  many weeks ?/ithout appreciable d eterioration ; and fin d  
use as scavengers fo r  other ra d ic a ls , p a rticu la r ly  in  rad ica l /17chain reactions #
Studies by Berry and h is  oo lleagu es^ ^ ^ ^ ^ ^ h ave given
some in d ica tion  of the life t im e  of gaseous-state benzyne,
f la s h  p h oto lysis of both benzenediagonium-2-oarbo%ylate and
^iodophenylm ercurio iodide allowed a continuous absorption
spectrum -  a ttr ib u ted  to  benzyne -  to  be observed fo r  the
duration of 200 microseconds Moreover, p h o to ly sis
of the diazonium s a lt  in  a t im e -o f- f lig h t  mass spectrometer
produced an ion  of mass ’]G (dehydrobenzene), which had been
replaced by one of mass 152 (biphenylene) w ith in  250 microseconds,
The second-order rate constant fo r  the dimerisa,tion of benzyne
8 —1 »-lunder these conditions was estim ated to  be 7 % 10 l.m ole^  se c .*  -  
an extremely rapid p rocess. The reaction s of benzyne in  
so lu tio n  are not gen era lly  accompanied by exten sive dim érisation
7 .
(but see reference 21), suggesting, perhaps, th at in  the 
l iq u id  phase th is  interm ediate enjoys a lif e t im e  even shorter  
than that of gaseous benzyne. four structures in  which the  
six-TT -e le c tr o n  system i s  reta ined  can be w ritten  fo r  
1 , 2-dehydrobenzene :
( i l l )
%-
(IV)
-
+
(V)
^^'’>1 • T
(VI)
The sp"^  o rb ita ls  released  by removal of two ortho—su b stitu en ts
from benzene can overlap to  form an 'aoetylenic^ bond ( i l l ) :
the extent of overlap w i l l ,  however, be severely  lim ited  by the
stra in  imposed on the r in g . Both of the d ipolar forms ( I 7 ,V)
2have an sp o rb ita l containing two electron s w ith a n ti-p a r a lle l
sp in s, w hile the p a r a lle l spins of the e lectron s in  the d irad ica l
22structure (VI) give r is e  to  a t r ip le t  s ta te , Y /ittig  nov; 
considers th at the observed behaviour of benzyne in  so lu tion  can 
b est bo recon ciled  with a resonance hybrid of the three s in g le t  
stru ctu res. The p o s s ib i l i ty  th at a t r ip le t  d irad ioa l structuro  
may e x is t  in  the gas phase can not be discounted, and might 
account fo r  the rapid d im érisation o f gaseous benzyne. As long 
as the id e n tity  of the structures of liq u id -s ta te  and gaseou s-sta te  
dehydrobenzene remains in  doubt, d iss im ila r  behaviour in  the
8 .
two phases can not, w ith cer ta in ty , he a ttr ib u ted  s o le ly  to
a d ifferen ce in  l i f e t im e .
Attempts have been made to  deduce some measure of the
life t im e  of liqu id -phase benzyne from i t s  s e le c t iv i t y  in  i t s
22chemical reaction s with sim ilar reagents* Thus W ittig
regarded the marked d ifferen ces in  the y ie ld s  of the various
halobenzenes formed by com petitive addition of h a lid e ion  to
23benzyne in  ethanol as in d ica tiv e  of an appreciable life t im e  
fo r  the interm ediate ; but other workers have remarked on the 
lack  of d iscrim ination  shown by benzyne in  i t s  reaction s with
p!n u cleop h iles, ^
The free  ra d ica ls  to  be considered in  th is  th e s is  are a l l
e le c t r ic a l ly  neutral; and th e ir  reaction s, in  contrast to
io n ic  processes, are characterised  by low s e n s i t iv i ty  to  the
p o la r ity  of the reaction  medium* Because of the minimal charge-
separation in  the tr a n s it io n  s ta te  leading to  hom olysis, the
rate  of decomposition of t -b u ty l peroxide shows l i t t l e
varia tion  in  the gas phase and in  solvents o f w idely d ifferen t
2Sd ie le c tr ic  constant. Polar fa c to r s  can not, however, be 
e n t ir e ly  disregarded in  ra d ica l rea ctio n s, as i s  shown by the  
dependence of the a ltern a tio n  of monomer u n its  in  a oo-polymer 
on th e ir  r e la t iv e  polar p r o p e r t i e s . f u r t h e r ,  Hey^^  ^ has 
suggested that the small d ifferen ces in  the r a t io s  of the 
isom eric b ia r y ls  obtained with each of a v a r ie ty  o f aryl rad ica ls
9 ,
and a given substrate may be a ttr ib u ted  (in  part) to  polar
in flu en ces in  the attacking r a d ic a l. Although dehydrobenzene i s
a lso  e le c t r ic a l ly  n eu tra l, the formation of a phosphonium
betaine with triphenylphosphine demonstrates i t s  a b i l i t y  to
27become h igh ly  p o larised  in  the v ic in i ty  of a nucleophile;
Ph_Pi
PPh3
A. Sources of Aryl B adicals in  Solution
Homolysis of a molecule to  y ie ld  free  rad ica ls  w i l l  occur
rea d ily  at a temperature below 150^ provided the energy of
a c tiv a tio n  does not exceed AO kcal# per mole.
When a so lu tion  of dibenzoyl peroxide in  a mono su bstitu ted
aromatic solvent (C^H^R) i s  heated at 80^, carbon dioxide i s
evolved, and a mixture o f isom eric b ia ry ls  (PhO^H^R), fom ed
28through the interm ediacy of the phenyl ra d ica l, resu lts*
(PhGOg)  PhGOg*   »Ph' + COg
Not a l l  the benzoyloxy rad ica ls produced by sc is s io n  of the 
oxygen-oxygen bond fragment to  phenyl ra d ica ls , as i s  
evidenced by the formation of small amounts of benzoic acid  
and isom eric mono su b stitu ted  aryl benzoates (PhCOgO^H^R).^^
1 0 .
%QIn sim ilar manner the thermolyses o f lead  tetrahenzoate,
31 32phenyliodoso benzoate, and s i lv e r  halide dibenzoates
y ie ld  phenyl ra d ica ls:
(FhGOg)^Fb ----- ;------» ZPhOOg' + (PhCOg)^^
(PhCOg)^^! -------- —  ^ aphCOg* + Phi
(PhOOg)g&gZ -------------- ZPhOOg" + AgX
Azobenzene can be d i s t i l l e d  without decomposition at 
293^; an azo compound v f ill  undergo homolysis to  an aryl 
ra d ica l only i f  th is  i s  accompanied by the formation o f  & 
l e s s  en ergetic  ra d ica l, as in  phenylazotriphenylmethane:^^^^^
Ph.N:N.GPh_ ------^ Ph* + % + 'GPh^
l-A r y l-3 , 3-d im eth y ltr iazin s are stab le  in  hot benzene, 
but i f  hydrogen chloride i s  introduced in to  the so lu tio n , 
nitrogen  i s  evolved and an aryl ra d ica l r e su lts
Ar.N:N.NMGg 4* HGl Ar* + Ng f  'NMogHOl
Diazonium s a lt s  such as the chloride^^'^^ and t r i -  
37flu oroaceta te  have been used to  generate aryl ra d ic a ls , 
which probably a r ise  from the homolysis of the covalent diazo
1 1 .
oompoxand with which the s a lt  i s  in  equilibrium :
X * ';= à  Ar.N:N .X  > Ar- + Ng + -X
Phenyl ra d ica ls  can be obtained from benzenediazonium 
fluoroborate in  the presence of a m eta llic  reducing agent 
such as zinc;^^
ArN2'^  --------^[ArNg*j  ^ Ar* + Ng + Zn^ +
When benzene diazonium fluoroborato, in  so lu tion  or suspension
in  an aromatic substance, i s  heated in  the absence of a
reducing agent, fluorobenzene i s  formed, together w ith small
39amounts of b ia r y l. The ra tio  of the isomers of (for  example) 
nitrobiphenyl produced in  nitrobenzene d iffe r s  g rea tly  from 
that obtained using other sources of phenyl rad ica lj and 
Abramovitch and h is  colleagues^^ have suggested that a h igh ly  
e le c tr o p h ilio  radicalwion i s  the arylatin g  agent in  these  
reactions ;
4- - j- .
PM't — > 'Xa> 4-— >
 ^ ' e r r /
and other can on ica l forms
Aryl rad ica ls  may conveniently be generated by the 
homogeneous, ap rotio , d ia zo tisa tio n  of the corresponding 
arylamine w ith pentyl n itr ite ,^ ^ '^ ^  Although the mechanism
1 2 .
has not been ostab lish od , the ra d ica ls  probably re su it  from 
homolysis of the covalent diazoether;
ArNHg + EO.NO   >Ar.N:N.OR’ ->Ar# + + RO’
Formation of ary l ra d ica ls  in  the decomposition of 
acylarylnitrosam ine s , and in  the G-omborg reaction , w i l l  be 
discussed  la t e r .
Many m olecules which are therm ally quite sta b le  can be 
made to  d is so c ia te  by ir ra d ia tio n  w ith u ltr a v io le t  l i g h t .
Examples o f compounds y ie ld in g  ary l rad ica ls in  th is  way are
42
43
diphenylmercury,^**^^^^ tetraphenyL ^lead,^^'^ triphenylbismuth^^
and iodobonzene,
B, Reactions of Free Radicals in  Solution
The great r e a c t iv ity  of most free  ra d ica ls  makes im possible  
an in v estig a tio n  of th o ir  liqu id -phase reaction s in  a com pletely  
in er t environment; so whenever p o ss ib le , the substance to  be 
subjected to  rad ica l a ttack  i s  a lso  employed as so lv en t.
Yihen dibenzoyl peroxide i s  heated in  carbon te tra ch lo r id e , 
the resu ltin g  phenyl ra d ica ls  abstract chlorine from the 
so lven t y ie ld in g  chlorobenzene, and trichlorom ethyl rad ica ls  
which may dimerise to  hexachloroethane In chloroform, the 
phenyl rad ica ls  from e ith e r  dibenzoyl peroxide or phenylazo- 
triphenylraethane abstract only liydrogen; but the reactive
13-
sp ec ies from N -nitrosoaoetanilxde forms both benzene and 
ohlorobensene,^^ in d ica tin g  th at the reactions of a p articu lar  
^radical* are' not always independent of i t s  g e n e s is . The 
decompositions o f both phenylazotriphenylmethane and dibenz oyl 
peroxide in  bromoform y ie ld  a mixture of benzene and bromo- 
benzene, although not in  the same ra tio
I f  a molecule having an unsaturated centre « exem plified  
by the eth y len ic  bond in  styrene -  i s  present in  the system, 
addition  of an aryl rad ica l may occur, forming a larger  rad ica l 
vfhich can then react e ith er  by chain transfer (a ) , or by 
addition  to  another molecule of o le f in  (b ), leading to  
telom eric or polymeric products :
Ph* -F GHgiGH.Ph— ^Ph.GHg.ÔH.Ph
(a)
SX
■» H1.OH2.CHZ.Ph + S '
H1.GH2.ÔH.H1
(b)
ph.CH2.CHPh.CH2.GH.ph
Aryl ra d ica ls  in  a lip h a tic  so lvents most commonly react 
hy abstraction  or addition; hut in  aromatic so lv e n ts , the 
major products are those formed hy aromatic su h stitu ion . 
although even here the i n i t i a l  a ttack  on the substrate i s
a d d i t i v e , e , g .
14 .
Ar* + “> Ar
Ar
H
The aryloyclohexadienyl rad ica l i s  converted to  a h ia ry l 
when a hydrogen atom i s  abstracted by another rad ica l; although 
because of i t s  resonance s ta b il is a t io n , i t  may (unlike the 
phenyl ra d ica l) e x is t  long enough in  so lu tion  to  react by 
dim érisation or d isp roportionation , e . g .
H
Ar4 H
Aryl rad ica ls have recen tly  been found to  react w ith some
aromatic so lvents by abstraction^^*^^ as w ell as by su b stitu tio n .
Thus, fo r  example, the decomposition of di-jD—chlorobenzoyl
peroxide in  iodobenzene y ie ld s  jg^-chloroiodobeîizene in  addition
50to  the expected b ia r y ls .
Simple su b stitu tio n  in  which one rad ica l d isp laces  
another from the su bstrate , although not common, i s  sometimes
observed, e .g
15.
52
Ph* + MeGOg.Hg.Hg.COgMe  ------— ^ P h .% ,0 0 g M e  4  MeOO
As w ell as reacting with another rad ica l or m olecule, some 
unstable free  rad ica ls  can react in  is o la t io n  by fragmentation  
or by rearrangement to  a more stab le  rad ica l.
e .g .^ 2 ,1 3  CH^COg*-----------1— > CH •  + COg
OH, GH_
53 I \e ng .  Ph-C-GH^'  ^  •C^GHgPh
CÎL CH,5 3
G. Sources of Arynes in  Solution
Simple aryl h a lid es were used as sources of benzyne by
W ittig^^ and by Roberts and h is  c o l l e a g u e i n  th e ir  ear ly
in v e s tig a tio n s , accomplishing dehydrohalogenation w ith,
re sp ec tiv e ly , phenyl-lith ium , and potassium amide in  liq u id  ammonia
Pluorobenzene i s  am insted immeasurably slow ly in  liq u id  
55ammonia, but reacts w ith phenyl-lithium  to  form benzyne 
more rapid ly  than do the other halobenzenes:^^ the mechanisms 
of these two reaction s c le a r ly  must be d iffe r e n t.
16 •
In strong base, a proton i s  removed from the halobenzene 
in  an equilibrium  p rocess, and th is  may be follow ed by 
elim ination  of a h alid e ion;^^^
4 ML'2 4 X
Pluorobenzene rap id ly  forms the carbanion, but halide  
elim ination  i s  very slow; in  contrast to  the reaction s of 
bromo- and iodo-benzene where fa s t  elim ination  fo llo w s  
deprotonation in  the rate determining step . Both stages of 
the reaction  occur at sim ilar ra tes fo r  chlorobenzene,
Arynes can be generated from aryl h a lid es w ith potassium
t-butoxide in  an in er t so lven t, but the reaction  proceeds at
a u sefu l rate only at temperatures above 140^,^^ The use of
dimethyl sulphoxide as solvent allow s the reaction  to  be
57carried out at room temperature, but the aryne so formed 
reacts to  some extent w ith th is  so lven t.
W ittig^^ suggested that the formation of benzyne from 
fluorobenzene and phenyl-lith ium  proceeded by way of a 
su b stitu tio n -é lim in a tio n  reaction  sim ilar to  that which had 
been observed in  the dehydrochlorination of —ohlorostyrene 
Although the product he iso la te d  was biphenyl, he in ferred  
the in tem ed ia cy  o f 2 -lith io b ip h en y l from the formation of
17-
a carbinol when the reaction  was repeated in  the presence of 
henzophenone:
-LiP PhLi Ph GO
PhP Ph.Ph
o—Pluorolith iohenzene has since been i s o l a t e d . P h e n y l -
lith in m  can be replaced in  benzyne-generating reaction s by
i t s  complex w ith pentaphenylantimony, which d isso c ia te s
rev ers ib ly , allowing the reagent to  be present in  high 
63d ilu tio n  -  an advantage when studying the rea ctio n  of 
benzyne w ith some other molecule which must compete with  
phenyl-lith ium  fo r  the interm ediate.
SbPhgLi SbPh_ + P hli 3
o-Dihalobenzenes lib e r a te  benzyne under mild conditions  
by reaction  with lith iu m  a m a l g a m , w i t h  magnesium,^^^^^ 
and w ith  b u ty l-lith iu m ; su b stitu tio n  or addition  g iving  
f i r s t  an organom etallio compound from which a metal halide  
i s  then elim inated , e .g .
o F P or
V Ma’Br Br
-LiP
■MaPSr
18 .
Several methods are now ava ilab le  fo r  the formation
of dehydroaromatio interm ediates in  the absence both of
strong base and of m eta llic  reagents, allow ing the reaction s
of benzyne w ith, fo r  example, oarboxylio acids to  be studied.
Nitrogen and carbon dioxide are evolved slow ly from
a so lu tio n  or suspension of benzenediazonium-2-oarboxylate
( iso la te d  as the inner s a l t )  in  an aprotio solvent at room 
temperature.^7) 58,69
4- Np -I- GOp
Iso la tio n  of the exp losive diazonium sa lt  i s  avoided in  
Friedman and hogullo^s^^ m odification  of th is  reaction  -  
s itu  d ia zo tisa tio n  of an th ran ilic  acid  w ith pentyl 
n i t r i t e .
An analogous route to  dehydrobenzene has been used 
ex ten siv o ly  by Yftttig and Hoffmann:
^SO Ka
Pb(OAc) 4 .
1 9 .
Carbon dioxide i s  elim inated , and benzyne formed, in  
the therm olysis of diphenyliodonium'-Z-oarbo^ylate, 7 :^* 73; 74 
and of the metal s a lt s  of £-.halobenzoio aoids,^^^^^ Y^hile 
nitrogen i s  evolved during the h e tero ly tio  fragmentation of 
2 -h a l obenzeneazoo arboxylat e s and 2#^hal ob enze ne a z oke t  one s , 
e .g .
N;N.OOPh
+ OEt t  PhCOpEt + Np 4" Br
Oxidation of 1-am inobenzotriazole produces benzyne, 
p o ssib ly  by decomposition of an interm ediate n itrene;^^^^
N
+ 2N.
INHp
The extensive d im érisation to  biphenylene which occurs when
lead  te tra -a ce ta te  i s  used as ox id isin g  agent has been
21attr ib u ted  to  the aryne being in  a t r ip le t  s tfite , but 
since sim ilar behaviour i s  not observed w ith other oxidants, 
th is  explanation i s  novf thought u n lik e ly .
Benzenediazoniunw2.#carbo%ylatG,^^' 1 , 2 , 3-.benzothiadazole. 
l,l'~d iox id e and oyd i-^ iod ob en zen e^ ^ ^ all y ie ld  benzyne on 
p h o to ly s is .
The decompositions in  benzene of both N -(2-iodophenyl).-g.. 
nitrosobonzamide^^ and o-iodo-N -nitrosoaoetanilide^^ are
reported to give benzyne together with o-di-iodobenzene
2 0 ,
(and normal rad ica l products)* Kampmeir and Rubin^^ have
suggested the fo llov/ing mechanism: 
—NfNO jB; a
/I  
1 1
50Brydon and Cadogan, having shown that ary l radica,ls can 
abstract iod in e from aryl io d id es , argue that the formation 
of o-di'-iodobensene need not be link ed  with the appearance of 
benzyne :
o)Ac - Ph
orn (no)Ac
or (V II l)
P a rtic ip a tio n  by ^-t-butylbenzyne in  the decomposition 
of jo -t-b u ty l-N -n itrosoacetan ilid e  i s  d iscussed  in  a la te r  
sectio n  of th is  Introduction ,
2 1 .
D. Reactions of Arynes in  Solution
Most though hy no means a l l  -  of the reaction s of 
benzyne may be r a tio n a lise d  by regarding th is  interm ediate  
e ith er  as a powerful e lec tro p h ile  or as a stra in ed , and 
therefore h igh ly  re a c tiv e , a ce ty len e . Considered as the 
la t t e r ,  benzyne might be expected to  enter rea d ily  in to  
oycloaddition  rea c tio n s, and th is  indeed i s  the case.
1 . O ycloaddition Reactions of Benzyne
D iels-A ld er addition  of aryne interm ediates to  the 
B-ring of anthracene provides a convenient route to  trip tycene  
and i t s  su b stitu ted  d eriva tive g ^  ' 70  ^84- action  may a lso
occur at one of the b r in g s ,  e s p e c ia lly  vdien e le o tr o p h ilic  
su b stitu en ts a t p o s it io n  9 and 10 reduce the e lec tro n  d ensity  
in  ring B.
►h anthracene
Ruran i s  freq u en tly  employed as both the d iene component 
and the solvent in  1 ,4 -cy o lo a d d itio n  r e a c t i o n s c a r e ,  
however, must accompany i t s  use fo r  diagnosing benzyne
9
intermediaoy in  a system be cause the adduct -  l,4*~dihydro- 
naphthalene-1,4-endoxide -  rea d ily  isom erises under m ild ly  
a c id ic  conditions
OH
acid
2-Methylfuran, 2 ,5-dim ethylfuran, 1,3-diphenyliso*-
benzofuran*^^ and tetraphenylfuran^^ a l l  react s im ila r ly  w ith  
dehydroaromatio interm ediates* ^
When 2 ,3 f^-'t^etraphenylcyclopentadienone reacts w ith  
benzyne, carbon monoxide i s  elim inated and the product, u su a lly  
iso la te d  in  high y ie ld , i s  1,2,3 ,^-tetraphenylnaphthalene
Ph
I + 0 PhJ Ph
Ph
Ph
Ph
Ph
Ph
As might be pred icted , the y ie ld  o f  adduct i s  even greater  
Tfhen e lec tro n -rep e llin g  su b stitu en ts in  the ketone increase the 
electron  d en sity  of the f iv e  membered ring a s, fo r  example, in
2, 3-cLi>-£-anisyl-3, A^diphenyl cyclop entadieiione. 73
Although few in stan ces of l,4^ cycload d ition  of an aryne 
to  an a cy c lic  diene are knov/n,^^ the reaction s of benzyne with
90 93_both styrene and 1—vinylnaphtlmlene involve the a cy c lic
double bonds, e .g .
23.
92Other diene8 -  notably pyrrole and i t s  d er iva tives -
form D iels-A ider adduots w ith benzyne, but as these reaction s are
of syn thetic rather than d iagn ostic  value, they w i l l  not be
considered here. B rief reference should, however, be made to
93the evidence presented by Huisgen and Knorr fo r  the id e n tity  
of the benzyne from d ifferen t sources, v i z , the invariance of 
the product ra tio  in  i t s  com petitive ad d ition  to  cyclohexa-1 , 3-  
diene and furan.
Benzene, although form ally a d iene, i s  not gen erally  
reactive  towards d ien oph iles, and i s  often  used as an Hnerb^ 
solvent fo r  aryne reaction s; i t  w i l l , however, in  the 
absence of any more reactive  arynophile, react w ith dehydro­
benzene. 16.11er and S t i le  allowed bonzenediazonium-2—
carboxylato to  decompose in  pure benzene, and id e n t if ie d  
among the products benzobicyclo [ 2 , 2 , 2] o c ta tr ie n e  (iX)j,
‘bonzooyolo-octatetraono (x) and biphenyl (Xl)
1 j4“-a d d itio n
+
( K ,  2^)
1 , 2-
a d d itio n •V,
H
(%, 8^)
in s e r t io n
(X I, &fo)
94When Friedman oxooutod a sim ilar oxporimont he found only  
trace amounts o f benzooyolo-ootatotraono and biphenyl, the 
major products being bonzobioyclo[2 ,2 ,2 ]ootatrien e (l?^) 
and biphonylono (2^ ), Ho reasoned that the discrepancies  
between the two so ts o f  r e su lts  might a rise  from contamination 
o f M iller and S tilo s*  diazonium s a lt  vfith s i lv o r  ions (th at  
had been used in  i t s  is o la t io n , but which v/ero absont from 
h is  own preparation), which could compote with benzene fo r  
the aryne:
25.
PîîH Ag Ag
Phlï
To to s t  h is  th eory , Priodman^^ repeated h is  reaction  in  the
presonoo of trace amounts of s i lv e r  s a l t s ,  and observed a
decrease in  the y ie ld  o f  bonzobicyolo[2 , 2 , 2 ]o c ta tr ie n e , and a
corresponding increase in  the to ta l  y ie ld  o f  the other products.
Having shown that none o f the compounds isomorisod under the
in fluence o f s ilv e r  io n s , h is  theory appeared to be v in d icated .
Although no other ions have been found which in fluence i t s
reaction s in  th is  way, a stable complex o f benzyne, formed
from o-di-iodobonzone and n ick e l totracarbonyl, has boon 
95reported:
f Hi(CO) I \-j- j— Hi
2 6 .
A product a r is in g  from the addition  of tv/o 'benzyne e n t i t ie s  
to  one moleoulo of "benzene has been indentifiod:^^^^O 01
iFrom those experiments i t  i s  apparont that 1 , 2-cyo load d ition  
of benzyne to  benzene occurs (appreciably) only in  the presence
of s i lv e r  ion* Benzocyclobutane d eriva tives have been obtained
97 97 98v/ith e th y l v in y l ether, v in y l a ce ta te , ' a c r y lo n itr ile ,
98and eth y l acry late; in  a l l  cases the benzyne precursor 
being bonzenediazonium~2-carb oxylate, e .g .
'CN 1ON
Since the method of preparation of the diazonium s a lt  i s  
not recorded, i t  i s  a matter fo r  conjecture vdiether or not 
these 1 , 2-cy c lo a d d itio n  reaction s a lso  depend on the presence 
of s i lv e r  io n s . This i s  not the case, however, in  the 
reaction s of benzyne (formed from the Grignard reagent) v^ith 
bicyclo[2,2,3-] heptene and b io y b lo [2 , 2 ,l]heptad iene.^^
27.
A high y ie ld  of 1—phenylbenzotriazole r e su lts  from the
71lj,3 ’^ cyoloaddition of benzyne to  phenyl azide;
Ph)
F
Many other azides « both aronatio and a lip h a tic  -  react
8i m i l a r l y ^ a s  do a lso  b en zon itrU e oxide^^^ and a
105number of diazolcetones-
2* Reactions o f Benzyne w ith Nucleophiles and S leo tro p h iles  
A niline i s  formed in  the reaction  of bromobenzene 
w ith sodamide in  liq u id  ammonia by way of nuoleophilio  
attack  by amide ion  on the interm ediate dehydrobenzene*
I f  a V7eak acid  i s  introduced to  the system^ removal o f a 
proton g ives the conjugate base, which w i l l  then compete 
w ith the amide ions fo r  benzyne- The com petitive  
e f f ic ie n c y  of these anions i s  n ot, however, n ecessa r ily  
re la ted  to  th e ir  base strength  or n u c leo p h ilic ity  as 
measured in  other reactions# Thus, fo r  example, Scardaglia  
and Roberts^^ found th at addition  of phenol (pK^ i^O-O) to  
the system gave only 4?o diphenyl eth er, while 42^ diphenyl 
sulphide resu lted  from the ad d ition  of thiophenol (pKg^8-4)#
28.
NucleopM lio attack  ’by trlphenylphosphine on "benzyne
105r e su lts  in  9-pkenyl^9—pkospliafluorene; but i f  an e lectro p h ile
such as triphenylboron i s  a lso  present, the product i s  a 
b eta in e :
}  I + Ph P
PPh,
Ph B IPh
Although comparatively rare, e leo tro p h ilic  a ttack  on 
benzyne can occur, as in  i t s  rea ctio n  w ith triethylboron:^^
t  BEt
SEt 3
A concerted four-centre mechanism has been proposed fo r
106  80,107the additions of piperidine' '^"''"" and ethanol'"^’""^
dehydroaromatio in term ediates, e .g .
OMe OMe
to
vN. i l l o_E:,3 10
J-
H \
68S t i l e s ,  M lle r  and Burckhardt reasoned that since t-b u ty l  
phenyl ether resu lted  from the decomposition of benzene- 
diazonium-2-carboxylate in  t^butanol, but had been reported
pi(by other workers ) to  be absent from the products of 
the reaction  of bromobenzene v/ith potassium amide in  the
29.
»presence of t-butoxlde anion i t  was u n lik e ly  that the  
addition  of t-hutanol to  henzyne proceeded through simple 
nuoleophilio  a ttack . Moreover, they demonstrated that 
benzoic acid  would add to  benzyne to  give phenyl benzoate; 
and that the com petitive addition  of p airs of aromatic 
carboxylic acids depended l i t t l e  on the r e la t iv e  strength  
of the a c id s . Bunnett and h is  oo-workers^^^ have since  
shown, however, that when 4-chlorobenzyne i s  generated in  
methanol containing in creasin g  concentrations of methoxide 
ion , the para-to-meta r a t io  of the re su ltin g  ohloroanisole  
decreases from f iv e  to  tv/o. Such observations -  that 
methoxide ion  i s  more rea ctiv e  than methanol towards arynes, 
and that the orien tatin g  e f f e c t  i s  greater fo r  the addition  
of neutral methanol -  lead  to  the conclusion that the 
addition  of a lcoh o ls to  benzyne i s  a stepw ise process
^ OMe
h MeOIi II- —' c
* I t  should be noted th a t aryl h a lid es react with
potassium t-butoxide in  the absence of added a lcohol to
give (in  high y ie ld )  ary l t -b u ty l ethers v ia  an aryhe 
56interm ediate.
30.
The mechanism by which carboxylic acids add to  arynes 
remains in  doubt.
3 . Reactions of Substituted  Benzynes
A mono su b stitu ted  benzyne i s ,  of n ece ss ity , 
unsyim etrioal ; and since the de hydro bond i s  not permanently 
orien tated , n on-cyclic  addition  w i l l  u su ally  give two products, 
in  a ra tio  determined la r g e ly  by the nature of the su b stitu en t. 
Some representative r e su lts  from the experiments of de Graff, 
den Hertog and Melger^^^ i l lu s t r a t e  the p r in c ip les  th at have 
emerged from the in v estig a tio n s  of many workers in to  the 
reaction s of arynes w ith n u cleop h iles. In these examples 
the benzyne precursors are the ary l bromides, and the fig u res
represent r e la t iv e  y ie ld s  only.
R
R a CH.
I'lH- , M  . Mi.+
55 k5fo
95-100^H = OCHj (-1 , + M) 0-5
The orientot ion  of addition  of a nucleophile to  benzyne 
su b stitu ted  at p o s it io n  tlrree i s  determined prim arily by 
the inductive ( l )  e f fe c t  of the group R on the tr a n s it io n  
s ta te , e lectron  a ttra ctin g  su b stitu en ts d irectin g  attack  
to  p o sitio n  one. Gonjugative (M) e f fe c t s  are of secondary
51.
importanoa ^  
E R R
mi
R = CH
mi
4"
HE,
40
R = OGH^ (—I ,  + m) 50'--55 45*^50^
The inductiT© e f fe c t  of a su bstitu en t at p o s it io n  fourtheing  
farth er from the dehydro hond, has le s s  in fluence on the 
orien ta tion  o f addition: conjugative e f fe c ts  now assume 
comparative importance. This la s t  point i s  demonstrated 
by the aminations of jg^bromofluorohenzene and pybromobenzo— 
n i t r i l e ,
?
IIH
j\IH
P
y
■>
20^25
CH
HE
CH
HE2
2
KÎ2
75-80 ^ 
CH CH
HE,
0-5 ^ (X II) 9 5 -1 0 0
32*
The para^to-^meta r a t io  o f the aminohenxionitrile surpasses 
considerahly th at of the f lu o r o a n ilin e , Since the flu or in e  
atom and the cyano group have sim ilar e lectron  a ttra c tin g  
inductive e f f e c t s ,  the marked preference fo r  tr a n s it io n  
sta te  (XII) in  the amination o f ^ybromohenzonitrile can not 
he a ttr ib u ted  s o le ly  to  the inductive e f fe c t  o f the oyano 
group, but must a lso  be due to  conjugation between the 
amino and oyano groups.
N on-cyclic addition  to  a benzyne carrying a bullcy
su bstitu en t at p o s it io n  three might be expected to  exh ib it
marked s te r io  in flu en ces , the attacking e n t ity  being very
la r g e ly  d irected  to  p o s it io n  one# L it t le  inform ation i s
ava ilab le  to  support th is  hypothesis, although the r e su lts
56of work by Cadogan, H all and Sharp suggest that s te r io  
e f fe c ts  may in fluence the ad d ition  of a bulky reagent to  
benzyne w ith a (non—bull<y) su b stitu en t at p o s it io n  th ree, 
e .g . CHCH
-f
OBu
CH
Bu OH
CH.
OBut
3 3 .
At--"Methylbenzyne, formed from p-bromotoluene and potassium
t-b u tox id e , g ives 5%^  m -to ly i t -b u ty l ether -  a rather
sm aller proportion of meta-isomer than i s  obtained from
the addition  of ammonia to  th is  aryne (60^)#^^^ The
corresponding reaction s o f 3^methylbenzyne y ie ld  only 20^
o - to ly l  t -b u ty l eth er, in  contrast to  53^ oj-toluidine,^^^
p o ssib ly  as a r e su lt  o f s te r io  in iiib it io n  of a ttack  at
p o sit io n  two by the voluminous nucleophile*
Several fa cto rs -  th e ir  high r e a c t iv ity , the complexity
of many of th e ir  rea ctio n s, and the im p o ss ib ility  of making
d irect com petitive measurements -  m ilita te  against an accurate
assessment of the e f fe c t  of su b stitu en ts on the r e a c t iv ity
110of aryne s .  Z ieger and W ittig  have looked fo r  reduced
r e a c t iv ity  in  benzyne su b stitu ted  at p o sitio n s tliree
(NMe^  I + M) and s ix  (SO^Ph; - I ) ,  but th e ir  r e su lts  are not
con clu sive, Considération of the behaviour of simple
d ienophiles might suggest that any reduction of the e lectron
d en sity  in  an aryne interm ediate v f il l  r e su lt  in  a corresponding
111increase in  i t s  d ie n o p h ilic ity . The r e a c t iv ity  Qf t r i -  
and tetra-halobenzynes in  D iels-A lder addition to  such 
unreactive dienes as benzene and m esitylene shows th is  to  
be the case , o.g*
34.
(33-48^) 112
Me Cl Me
01
Cl. MeMe Me Me01
1 13
35.
AOXTtMyiiNITBOSAMIRBS
1 n I3ji 1876 , F isober reported the formation of an unstable
yellow  so lid  when n itrous fumes were passed in to  a oold  
so lu tio n  of a ce ta n ilid e  in  g la c ia l  a ce tic  a c id . This 
m aterial appeared to  be N -n itrosoaoetan ilid ej and the follovfing  
year he prepared other aoylarylnitrosam inos in  a sim ilar manner, 
An a ltern a tiv e  route to  these compounds was discovered by
116von Peohmann, who obtained £«methyl-H—nitrosobenssanilide 
by treatment of an a lk a lin e  so lu tion  of p-toluenodiagonium  
chloride w ith bensoyl ch lorid e . A cétylation  o f benzenediazonium  
s a lt s  in  a lk a lin e  so lu tio n  gave a product id e n tic a l to  that 
obtained from a ce ta n ilid e  by Pisoher^s method of n itro sa tio n  
tautomorism between benzenediazoacetate and N ^nitrosoaoetanilide  
was suggested: 1 1 8
PhH(NO)Ac Ph.N:N*OAo
.1 n n qKuhling studied the reaction s between dry sodium
arenediarotates and aromatic compounds in  tho presence of
aooty l chloride or a c e tic  ac id . Prom the sodium s a lt  of
d ia zo tised  p ^ n itroan ilin e and benzene he obtained if.*-’n itr o -
b iphenyl, while w ith toluene a product since shovm to  be
1202-methyl-4^***nitrobiphonyl re su lte d . S u b stitu tion  of
nitrobenzene fo r  benzene y ie ld ed  both 2,4^»- and
1214; 4  ^-d in itro b ip h en y ls. Bamberger " used t l i is  rea ctio n , w ith
36.
s lig h t  m odification s, and la te r  shovmd that the reaction  
of li^-nitrosoaoetanilide w ith  henzone gave biphenyl ; ^
P1iN(N0)Ac + PhH ----- ^  Ph.Ph + + AcOH
The ear ly  work of Kuhling and Bamberger was developed
122by Gomberg and h is  co lleagu es as a method fo r  the syn th esis  
of b ia r y ls . In th is  heterogeneous reaction , an aqueous so lu tion  
of the appropriate diazonium s a l t ,  in  contact w ith the aromatic 
substrate (or a so lu tion  of the substrate in  a su itab le
n n'zsolvent ) , i s  trea ted  w ith sodium hydroxide or sodium a ce ta te , 
e . g .
ArN^Gl ^  NaOH + Ar^H -------  ^ Ar.Ar* + + NaOl + H^ O
As a preparative method, the Gomberg reaction  su ffers  from 
the formation of large amounts of in tractab le  ta r , and 
freq u en tly , a poor y ie ld  of the required b ia r y l. In I 964 
Ruchardt and Merz^^^ p ostu lated  a mechanism in  which the azyl 
ra d ica ls  were formed by the homolysis of an interm ediate 
diaz oanhydride, e . g .
37.
Oir . 0H“PWg+ ^Ph.N:N,OH] ï = = è
L____________________ __________
PhNgO“ + HgO
Ph.N:H.O.N:N„Hi
Ph» + Hg + Ph.NîN.O* 1  ^ Ph.Ph + Ph.N:N.OH
on
This scheme has many fea*fcures in  common with th at proposed 
hy Ruchardt and Preudenherg^^^ fo r  the decomposition of 
aoy lary ln it ro samine s ^  which i s  d iscussed  la t e r .
Bamberger’s preparation of biphenyl in sp ired  Grieve and
7Hey, in  1934^ to  develop the use of aoylarylnitrosam ines 
In syn th eses o f b ia r y ls .  Dry so lu tion s of N -n itrosoacetan ilid e  
in  a v a r ie ty  of mono sub s t i t  ut o d-b e nge ne so lven ts were allowed 
to  react at room temperature y ie ld in g  biphenyls su b stitu ted  
at tho two- or four- p o s it io n , irresp ectiv e  of the nature of 
the substituent» ¥/hen m-scylene was used as so lvent 2 ,4 -  
dimethylbiphenyl resu lted , w hile with £ -n itro to lu en e  the  
product was 3-niethyl-4-n itrobiphenyl, no 4-m ethyl-3-ix itro-
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biphenyl being d etected . The Gomberg reaction  gave r e su lts  
v e iy  sim ilar to  those obtained w ith aoylarylnitrosam ines, 
and fu rth er, when a mixture of toluene and nitrobenzene v/as 
phenylated, the y ie ld  of nitrobiphenyl exceeded that of 
m ethylbiphenyl. S u ffic ie n t  inform ation re la tin g  to  aromatic 
su b stitu tio n  was ava ilab le  at th at time to  in d ica te  the 
in com p atib ility  of such r e su lts  w ith  a mechanism in volv in g  
attack  on the substrate by ca tio n ic  (e le o tr o p h ilic )  or anionic  
(n u o leop h ilio ) sp e c ie s . Grieve and Hey therefore suggested  
that the reactive  e n t ity  in  these reaction s was an e le o tr io a l ly -  
neutral free  phenyl ra d ic a l. They argued that the absence of 
biphenyl from the products of decomposition of N -n itroso-  
a ce ta n ilid e  in  aromatic so lven ts (other than benzene) did not 
co n stitu te  evidence against the interm ediacy of phenyl ra d ica ls , 
but rather in d icated  that in  so lu tio n , the rad ica ls  were too  
sh o rt-liv ed  to  d im erise. The appearance of biphenyl in  methanol 
was supposed to  be re la ted  to  the formation of formaldehyde:
2ph* + GH-OH  --------- > 2PhH ^  HGHO3
Ph' + PhH — — -  > Ph.Ph ^ H*
Subsequent experiments appeared to  confirm th at  
N -n itrosoaoetan ilide would react w ith  a su b stitu ted  benzene 
to  y ie ld  a biphenyl su b stitu ted  at the fo u r- and/or two-
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p o s i t i o n , C o m p a r a b l e  r e su lts  were obtained w ith
dibenzoyl peroxide and phenylazotriphenylmethane -  other
probable sources of phenyl rad ica l -  except that decomposition
of the peroxide in  e th y l benzoate afforded a small amount of
eth y l b iphenyl-3-oarboxylate in  addition  to the expected two-
28and four- isom ers. Careful re-exam ination o f the products
from the reaction  of N -n itrosoacetan ilid e v/ith e th y l benzoate
revealed  that th ere , a lso , some su b stitu tio n  at the meta-p o sit io n  
28had occurred. These were the f i r s t  reported in stan ces of
a l l  three isomers being iso la te d  from the a ry la tio n  of a
mono su b stitu ted  benzene, although la te r  experiments, with
improved techniques, were to  revea l that in  general a l l
p o ssib le  p o s it io n a l isomers w i l l  be formed to  some exten t,
127Williams has d iscussed  these r e su lts  in  d e ta i l ,  conoluding
th a t horaolytic ary la tion  of an aromatic compound r e su lts  in  an
isomer d is tr ib u tio n  markedly d iffer en t from th a t found in  io n ic
su b stitu tio n , and la r g e ly  independent of the source of aryl
128ra d ic a ls . Huisgen and Grashey have confirmed th at ary la tion  
d iffe r s  from ’normal* aromatic su b stitu tio n  not only in  the 
p o s it io n  at v/hioh attack  occurs, but a lso  in  the s e le c t iv i ty  
of the rad ica l fo r  d ifferen t su b stra tes. When N -n itroso- 
a ce ta n ilid e  i s  allov/ed to  decompose in  an equimolar mixture of 
pyridino and benzene, equal y ie ld s  of biphenyl and phenyl- 
pyridine are obtained. Replacement of benzene by a
40,
mono su b stitu ted  benzene (R =* 01, Br, OH^  , NO^  ^  ON, OOH^ , Ph )
r e su lts  in  a y ie ld  of b ia ry l one-to-three tim es th a t of
phenylpyridine, ir resp ec tiv e  o f the e lectron  withdrawing
or re leasin g  capacity  of the su b stitu en t,
129In 1937? Waters conducted experiments designed to  
demonstrate the formation of acetoxy rad ica ls in  the 
decomposition of N -n itrosoaoetan ilid e . When a so lu tion  
of the nitrosamide in  carbon tetrach lor id e  or carbon disulphide  
was l e f t  in  the presence of a metal such as z in c , iron , copper 
or lead , together w ith an excess o f calcium carbonate to  
remove any a c e t ic  acid  that might be produced, a metal s a lt ,  
thought to  be the acetate, was formed. The evo lu tion  of 
carbon dioxide observed when N -n itrosoacetan ilid e was allowed  
to  decompose in  a c e tic  anliydride or carbon d isu lphide was 
attr ib u ted  to  the breakdown of acetoxy ra d ica ls;
OH^GOg*   OH,' + OOg
V/ith so lven ts such as hexane and eth er, benzene was formed, 
but in  a halogen-containing so lv en t, a halobenzeno resu lted .
Hey and h is  c o -w o r k e r s ^ ^ in v e s t ig a te d  the k in e tic s  
of the decomposition of N -n itrosoacetan ilid e in  so lu tio n  
at 20^, measuring the rate of n itrogen evolu tion  in  a wide 
v a r ie ty  of a lip h a tic  and aromatic so lv en ts. With the 
exception of a c e t ic  a c id , f ir s t -o r d e r  k in e tic s  were
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in variab ly  observed, and the rate constant was found to  vary 
l i t t l e ,  in d ica tin g  in s e n s i t iv i t y  o f the decomposition to  the  
nature of the so lv en t. Consequently a reaction  scheme was 
proposed in  v/hioh the rate-determ ining step v/as homolysis 
of benzenediazoacetate formed by rearrangement of the  
nitrQSand.de
fa s t  slow
PhN(NO)Ao Ph,N:N.OAo  > Ph' + + 'OAc
Measurement of the temperature v a ria tio n  of the rate constant
fo r  the decomposition o f W—n itro so a ce ta n ilid e  in  benzene
allowed a value of 22 Icoal. per mole to  be assigned to  the
130Arhenius energy of a c tiv a tio n .
Several workers presented as evidence fo r  the homolytio 
nature of aoy lary ln itro  samine breakdowns the a b i l i t y  o f these  
compounds to  in i t ia t e  polym erisation of v in y l monomers such 
as styrene, methyl methacryZKate and a c r y lo n itr ile  
When the a iy l  group of the nitrosamide contained bromine, 
a halogen-containing polymer resu ited ; but i t  was noted  
th a t bromine incorporation  in to  the polymer was much l e s s
131marked when the halogen su bstitu en t was in  the acy l group.
The p a rtic ip a tio n  of free  ra d ica ls  both in  the Gomberg
reaction  and in  acylarylnitrosam ine decompositions was
133questioned by Hodgson in  1948, on the grounds th at a l l
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the observed fa c ts  could be aooomited fo r  by p ostu la tin g  
purely io n ic  mechanisms fo r  the rea ctio n s. A d eta iled  
^®ply was published by Hey and Waters^^^ in  which they  
vigorously  defended th e ir  th eories of homolytio aromatic 
su b stitu tio n .
In 1949> Huisgen and Horeld^^^ discovered that 
N -n itro sa ceta n ilid e , in  each of a v a r ie ty  of so lven ts at 25*, 
coupled w ith a phenol such as 2-naphthol at the same rate as 
nitrogen was elim inated in  the absence of phenol. They 
reasoned th at the interm ediate common to  both these reaction s
must be the covalent d ia soaceta te , and that the mechanism
1^0th a t had been proposed e a r lie r  by Butterworth and Hey 
in  which rapid rearrangement of N -n itrosoacetan ilid e to  
benzenediazoaoetate had been follow ed by slow homolysis 
was tenable no lon ger. Huisgen and Horeld^^^ therefore  
suggested a scheme in  which rearrangement was the rate*  
determining step:
biphenyl w ith lo s s  ofslow rapid
PhN(NO)Ao Ph.N:N.OAo — r*— or azo coupling with a
PhH
phenol *
Their k in e tic  measurements were in  general agreement w ith  
those that had been produced e a r lie r  by Hey and h is  
c o l l e a g u e s , i n d i c a t i n g  in s e n s it iv i t y  of the f ir s t -o r d e r
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rate constant fo r  H *nitrosoacetanilide e ith er  decomposing 
w ith elim ination  of n itrogen or coupling w ith  a phenol, to  changes 
in  the nature o f the solvent* except that in  a c e t ic  acid , 
nitrogen vras evolved only a fte r  an induction period, and 
then more slow ly than in  any other so lven t, although the 
rate of azo coupling was s im ila r  to  that in  other solvents#  
Thorough in v e stig a tio n  by a number of workers 
confirmed the anomalous behaviour of H *nitrosoacetanilide  
in  a ce tic  a c id . Two fa c to r s  were thought to  be la r g e ly  
responsiTDle:155,136,137
i )  D enitrosation  of N -n itrosoacetan ilid e in  a 
bim olecular reaction  w ith  a ce tic  a c id , 
i i )  H etero ly tic  f i s s io n  of the covalent d iazoacetate ^
in  an equilibrium  p ro cess ,
Ph.N:N.0Aoi?=iPM'l2'*’ + OAo
which would favour the ions in  a ce tic  ac id , but 
would be unimportant in  other organic so lv en ts .
The concentration of d iazoacetate would thus be 
reduced, there being present mainly diazonium s a l t ,  
which would decompose slow ly to  y ie ld  molecular 
nitrogen  a,nd phenyl a ce ta te .
Sim ilar behaviour was observed w ith  N -n itrosoacetan ilid e in  
other oarbo%ylic a c id s, although a c e tic  anhydride acted  
as a *normal* so lv en t.
138De Tar, in  1951 , in v estig a ted  the decomposition of
N -n itrosoacetan ilid e in  methanol, both in  the presence and
absence of certa in  added substances. In pure methanol, and
in  methanol containing sodium a ce ta te , benzene and formaldehyde
7were formed, as had been reported e a r lie r  by Grieve and Hey. 
With sulphuric acid  as a d d itiv e , however, a n iso le  was the  
major product, l i t t l e  benzene being detected* De Tar 
concluded that in  neutral or b a sic  so lu tion , phenyl rad ica ls  
were produced which could abstract hydrogen from the solvent 
to  give the observed products, but an iso le  must have resu lted  
from the formation of carbonium ions in  acid  solution* He 
proposed a scheme fo r  N -n itrosoacetan ilid e which allowed fo r  
azo coupling v ia  the diazonium cation  (rather than through 
the d iazoaoetate) even in  a non-polar so lven t, and in  which 
the course of decomposition would be governed by the nature 
of the solvent:
slow fa s tPhN(NO)Ac --------- > Ph*N:N*OAo-------—> Ph- + N -OAo
very fa s t
slow
Ph 4. Ng^ ^— — ^  PhNg"^  5Ao 
138De Tar a lso  measured the y ie ld  of carbon dioxide from the 
decomposition of N -n itrosoacetan ilid e in  a number o f  so lv en ts , 
and found i t  to  be appreciable only in  a ce tic  anhydride (2C^),
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159Huisgen and Nakaten challenged the a ssertio n  that
the formaldehyde v/liioh was formed in  the decomposition of
N -n itrosoaoetan ilide in  methanol arose from oxidation  of
7 158the solvent by phenyl r a d ic a ls . *  ^ V/hen o-m eth yl-g-n itroso-  
aceta n ilid e  was d isso lved  in  chloroform, indazole resu lted  
in  almost q uan tita tive y ie ld ;  but in  ethanol both N -n itroso-  
aoetan ilid e  and o^-methyl-^-N-nitrosoaoetanilide gave high  
y ie ld s  of acetaldehyde. In the la t t e r  case l i t t l e  indazole  
was formed, in d ica tin g  that oxidation  must have been achieved  
at the expense of c y c lisa t io n  by some sp ecies s t i l l  containing  
nitrogen and not, th erefore , a phenyl ra d ica l.
The rate-determ ining stop fo r  acylarylnitrosam ines
undergoing e ith er  azo coupling or n itrogen-elim inating
decomposition having been estab lish ed  to  be rearrangement to  
138a d iazoester , " a tten tio n  was focused on the mechanism by 
which the o.cyl group migrated from nitrogen to  oxygen.
E lucidation of th is  problem resu lted  from the simultaneous
137but independent in v estig a tio n s  of the groups of Hey and 
H u i s g e n , b o t h  of v/hora considered two p o ssib le  schemes:
i )  5 ^ °  — ÎÎÜ J M
R N=0 ^R N-0
4-6,
0 0 0 
B)  )- Ar-N____0 ^  ------------> Ar-N 0(^
j (: l^ E  a I^RN=sO K '-:^  0 N -0
E ffect of Substituents in  the Aryl group. -
in v estig a ted  the k in e t ic s  o f the decomposition in  benzene 
of a number of meta- and p ara-su b stitu ted  d er iva tives of 
N -n itrosoacetan ilid eo  iith ough  the su b stitu en ts had very  
d ifferen t e lec tro n ic  p rop erties, sim ilar values of the f i r s t -  
order rate constant were found fo r  a l l  the nitrosam ides at 
25*, and in  addition , fo r  the para -  o omp ounds, the va,lue of 
the Arhenius energy of a c tiv a tio n  was found to  be p r a c tic a lly  
in varian t. In mechanism A electro n  withdrawing su b stitu en ts  
would f a c i l i t a t e  h e te r o ly s is  and hence rearrangement, contrary 
to  experimental observations, fo r  B, however, i t  would be 
p o ssib le  fo r  any a ssista n ce  given to  the cleavage of the  
nitrogen-carbon bond to  be o f fs e t  by an adverse e f fe c t  on 
the p o la r isa tio n  of the n itroso  group. Huisgen^^^^  ^
confirmed Hey*s measurements, and in  addition  discovered that 
nn orth o-su b stitu en t, ir re sp e c tiv e  of i t s  e lec tro n ic  character, 
reduced s l ig h t ly  the rate o f rearrangement. A s te r io  e f fe c t  
was suggested, by way of which an ortho-su bstituen t -would 
impair the o b i l i t y  of the aryl group to  a tta in  coplanarity  
with -  and hence provide resonance s ta b ilis a t io n  of -  the
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four member G d ring in  the interm ediate in  mechanism B.
E ffect of Varying the Acyl Group. * Both Hey^^  ^ and 
Huisgen^^^^ observed in  a se r ie s  of acylphenylnitrosam ines 
a small increase in  the f ir s t -o r d e r  rate constant as the 
s iz e  of the acyl group was increased from formyl to  i s o -  
propanoyl. Although the gradation was in  a d irectio n  
opposite to  that expected fo r  simple SN-2 attack  on the 
carbonyl-carbon of the acyl group, they reasoned that the 
sm allness of the v a r ia tio n  was inoompoiible w ith the 
h e te ro ly tic  mechanism A, and was b e tte r  reconciled  to  B; 
wliich in  any case could not be considered a p erfect analogy 
to  simple Huisgen arrived at the same conclusion,
suggesting that a voluminous acyl moiety a ss is te d  the  
molecule to  a tta in  the configuration  required fo r  nuoleophilio  
atta.ck by the carbonyl-carbon on the n itroso -oxygen  atom. 
Heyns and Bebenburg^^ disputed that the r e su lts  could be 
recon ciled  w ith an ex c lu s iv e ly  non-polar mechanism.
Solvent E ffects  and S alt E f fe c t s . * The rate constant
fo r  the decomposition of N -n itrosoacetan ilid e in  ethanol
containing varying proportions of water, and in  ethanol
137containing lith iu m  ch lorid e , was found by Hey to  be the 
same as that for  the reaction  in  anhydrous ethanol. He 
thought the absence of solvent e f f e c t s  and s a lt  e f f e c t s  
disorim inated stron gly  against h e te ro ly tic  mechanism A,
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Interm oleoular Deacyl0.t io n  ^ -  î'ormation of the c y c lic  
interm ediate postu lated  in  B would require déacylation  hy 
intram olecular attack of the wealily b asic  nitroso^oxygen  
atom on the acyl-carhon, Huisgen^^^^ and Hey^^  ^ reasoned 
that in troduction  of a strong nucleophile to  the system 
shou3.d r e su lt  in  rapid interm ole oular déacylation , i f  mechanism 
B were op erative. V/hen p iperid ine was added to  a so lu tion  
of N -n itrosoaoetan ilide in  benzene, a sharp increase was 
observed in  the rate of n itrogen evo lu tion , which no longer 
follow ed f ir s t -o r d e r  k in e t ic s , but depended on the concentration  
of base.
Configuration of the D iazoester* -  The d iazoester , i f  
formed tlirough a c y c lic  mechanism such as B, would have the 
tran s-configu ration . Huisgen^s e x p e r i m e n t ^ ^ ^  on the 
rearrangement of N-nitrosobenzolaotams (XII l )  to  c y c lic  
d iazoesters (XIV) demonstrated convincingly that such was 
the case.
0=0
W—0
c=o
(XIII) (XI?)
Only when n was equal to , or greater than, three did 
rearrangement occur, co n sisten t w ith the product (XIV)
having tho tr a n s-oonfiguration , when a nine membored ring  
would ho the sm allest unstrained structure. The formation 
of indasole hy lO-methyl-^—n itrosoaoetan ilid e  was a lso  
thought to  point to  a trans»^diaaoacetate
/ET" ^  * ■’*0
"0
CH
CH,
IIyF
In i 960 , Sus ch it  zlcy and h is  c o llah  orat or s^^^ ^  
in it ia te d  an in v estig a tio n  in to  h e tero ly tic  processes  
occurring during the decomposition of aoylarylnitrosaniines 
in  non-polar so lv en ts . The decompositions of 0^  and p^-fluoro- 
N -n itroso -aoetan ilid os and -h en zan ilid es in  henzene y ie ld ed  
in  addition  to  tho expected 2- and 4-fluoroh iphenyls, 
comparable amounts of 2 - and 4-acyloxybiphenyls.^^'^^
I’luorine meta to  the nitrosam ide fun ction , and any other 
halogen in  tho ortho- or para— p o s it io n , was not d isp laced .
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although evidence v/as obtained fo r  the su b stitu tio n  of
chlorine and bromine as w ell as flu o r in e  in  the decompositions
of 4~*balo*-H^aoetyl“-N-nitroso-l-naphthyiam ines ( XV)
These r e su lts  were thought to  in d ica te  the formation of
+ -
H (NO )Ac
(XV) Iial (XVI)
ion  p airs (XVl) from h alogen-sub stitu ted  N -n itrosoaoy lan ilid es, 
w ith subsequent displacement by the nuoleophilio  anion of the 
halogen in  the activ a ted  o;- or 2 r ‘^l^c>robenzenediazonium cation; 
flu o r in e  meta to  the diazonium group, being le s s  activa ted , 
could not be displaced*
OCOR
h al
v n (to) ao ^  F-À yVH s F. 0 Ac
11
AoO
1 1
1 1
4"
F
->•
AoO
PhH
AcO~A^ ^ N : N . F   ----   AoO-^^ A .  +Ng-HF
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Halogen su b stitu en ts other than flu or in e  were supposed to  
he le s s  la b i le  in  the diazonium cation .
In an attempt to  e s ta b lish  the gen era lity  of ion -p a ir  
formation by acylaryln itrosam ines, various aoetylarylnitrosam ines 
w ith su bstitu en ts of d iffe r in g  e lec tro n ic  character (para-H,
GH^ , NOg, Gl; meta-CH^ ) were each allowed to  decompose in  
benzene containing p -flu oro-N -n itrosob en zan ilid e. In every 
case, the mixed product, 4-aoetoxybiphenyl, was iso la te d ,  
confirming the formation of ion  p a irs by both nitrosam ides.
w ith subsequent exchange of partners. 142a e .g .
Me \\ // OAo
Me
T— *4*
F F OBz
4-
OBz + F. OAo
V
AoO AoO ^
A cetyl flu or id e  -  detected  in  these reaction s -  was thought 
to  a r ise  by way of n u cleop h ilic  attack  of flu o r id e  ion  on 
the d iazoaoetate:
52
F //IC OB-z
AoF
± 3%0 -<\ F + . AcO.Fsr-<\ y^Me
B'zO' IÎ:îir.O.N!N /y Me
The oonoomitant diazoanhydride would he able to  fragment to  
give aryl ra d ica ls , as had been suggested ma/xiy years before 
by Bamberger.^^^
l^Ele 8 and Sus ch it  concluded that in  the reaction s
of aoylarylnitrosam ines, even in  non-polar so lv en ts, h e tero ly sis  
of the covalent d iazoester  might be important; and they  
questioned the v a lid ity  of Huisgen^s assertion^^^'^^^*^^^ 
that in  so lvents such as benzene, azo coupling w ith phenols 
occurred v ia  the d ia zo ester , preferring to a ttr ib u te  th is  to  
the diazo ion  p a ir .
"11 pSus ch it zky and h is  co lleagu es, in  common with e a r lie r
workers, supposed the high y ie ld  of a c e tic  acid  formed in  the
decomposition of N -n itrosoacetan ilid e  in  benzene to  a r ise  through
the interm ediacy of acetoxy ra d ic a ls . The great in s t a b i l i t y  of
the acetoxy ra d ica l, fragmenting to  a methyl rad ica l and carbon
12 13d iox id e, had, however, been estab lish ed  some years ea r lie r ;  '
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129and although Water * 8 (non -q u an tita tive) experiments
had shown th at N -n itrosoacetan ilid e could su ffer  homo ly s i s
to  aoetoxy ra d ica ls , no evidence had been presented to
suggest that they, or th e ir  decomposition products, were
formed in  the major reaction  path; indeed the absence of
carbon dioxide in  high y ie ld  had been noted by several
w o r k e r s , I n f o r m a t i o n  such as t h is ,  together
v;ith the knowledge that a polymer whose formation had been
in it ia te d  by an aoylarylnitrosam ine exhib ited  l i t t l e  acyl
l i 3group incorporation, had lead  Huisgen and lioreld, ^  
in  1949 , to  question the p a rtic ip a tio n  of free  aoetoxy  
ra d ica ls  in  the decomposition of Wy^iitrosoaoetanilide*
They suggested in stead  that a ^krypto-radical" mechanism 
might be operative, the covalent diazoaoetate undergoing 
homolysis only when a solvent molecule (such as benzene) 
was su itab ly  p osition ed  fo r  a concerted reaction  to  occur:
\ 0
H —GE.
0
K+  HD— O - C H
The a ry la tion  of benzene w ith d iaroyl peroxides has 
been shovm to  proceed through an arylcyclohexadienyl rad ica l
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formed by ad ditive attack  of an aryl rad icaj on the substrate  
which may react in  one of three ways
lo s s  o
ApAr dispropor­
t io n a t io nII
d im érisa tion •?Ar •CÆ. •C^H ..Ar ( sev era l isom ers)
In addition  to  the required b ia r y l, dihydrobiaryls and
tetrahydroquateraryls w i l l  be formed as byproducts.
”1J dIn 1962 , IS lie l, Eberhardt and Simamura undertook a 
carefu l examination of the products resu ltin g  from the  
decomposition of ^nitrosoaoetan3.1ide and of phenylajsotriphenyl- 
methane in  benzene; in  neither case was dihydrobiphenyl detected . 
They then repeated the reaction s in  the presence of added 
dihydrobiphenyl -  and recovered i t  la r g e ly  unchanged when 
the decompositions were complete. V/hen dibenzoyl peroxide was 
allowed to  decompose in  benzene-d, a small proportion  
(ca . 0 . 5^) of the re su ltin g  biphenyl contained two deuterium 
atoms ;
ph* + benzene-^  ---------- y phenylcyolohexadienyl-*d
2 phenyloyclohexadienyl-d •» ( some ) dihydrobiphenyl-d^
(some )dihydrobiphenyl-^ 4 b ip h e n y l-^
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Sim ilar experiments w ith both .^“O bloro-Eynitrosoacetanilide  
and p-ohlorophenylazotriphenyimethane y ie ld ed  appreciably  
le s s  biphenyl-dg* E l ie l  and h is  oollaborators^^^ suggested  
that the decomposition of N -n itrosoacetan ilid e (or phenyl- 
azotriphenylmethane) in  benzene was "d iffu sion -con tro lled " , 
the phenyl and aoetoxy (or triphenylm ethyl ) ra d ica ls  being 
generated sim ultaneously, and in  ju x ta p o sitio n . Rapid, 
synclironous reaction  with a benzene molecule by addition  and 
hydrogen ab straction  would r e su lt  in  biphenyl and a c e tic  acid  
(or triphenylmethane) .  They a ttr ib u ted  the contrasting  
behaviour of dibenzoyl peroxide to  the r e la t iv e  s t a b i l i t y  
of the benzoyloxy ra d ica ls , which they supposed could d iffu se  
apart before gradually decomposing to  tru ly  free  phenyl 
rad ica ls  and carbon d iox id e . More recent experiments by 
several v/orkers have shovm that not more than a small fra c tio n  
of the rad ica ls  formed in  the decomposition of phenylazo- 
triphenyimethane in  benzene can be "caged" as had been 
suggested: but they have a lso  revealed that the absence of 
dihydrobiphenyl and tetrahydroquaterphenyl may be a ttr ib u ted  
to  the r e la t iv e  s t a b i l i t y  of the triphenylm ethyl rad ica l ' 147^148 
Denney, Gershman and Appelbaum^^^  ^ questioned the 
proposed *cage" mechanism fo r  the decomposition of 
N -n itrosoaoetan ilide in  benzene v/hen they found that in c lu sio n  
of a rad ica l in tercep tor such as styrene suppressed biphenyl
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formation without in fluencing  the elim ination  of n itrogen .
In 1964a E l ie l  and Saha^^^ discovered that the decomposition 
of N -n itrosoaoetan ilide in  benzene containing iod ine in  low 
concentration resu lted  in  a high y ie ld  of iodobenzene, 
in d icatin g  the e s s e n t ia l freedom of the phenyl ra d ica ls  formed. 
The suggestion of a " d iffusion -contro lled "  or "cage" mechanism 
fo r  the decomposition of acylarylnitrosam ines in  benzene 
was withdrawn; leav in g  no explanation of the absence of 
products which would re su lt  from dim érisation and disproportion» 
a tion  of arylcyclohexadienyl ra d ic a ls , or of the formation 
of carboxylic acids (supposedly) from unstable aoyloxy  
ra d ica ls .
I t  v/as a lso  in  1964 that Ruchardt and Merz^^^ proposed 
a mechanism fo r  the Gomberg reaction  in  which aryl rad ica ls  
were formed by the homolysis of a diazoanhydride; and that 
the same precursor v/as suggested by Ruchardt and Rreudenberg^^^ 
fo r  the rad ica ls formed in  the decomposition of aoy lary l-  
nitrosam ine8 in  aromatic solvents* Common a lso  to  the tv/o 
reaction  schemes was the idea th at major products were formed 
in  a chain process, as shown fo r  N -n itrosoacetan ilid e in  
benzene. The phenyl d iazotate io n , which i s  regenerated  
in  the chain reaction , was supposed to  be formed i n i t i a l l y  
by n u cleop h ilic  attack  of acetate  ion  on N -n itro so a ceta n ilid e:
Ac o'" + PhN(NO)Ao — —> Ac^ O + phl'T O"
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PhN(NO)Ao
Ph.N;W.O.N:N.Ph
-> Ph., N ; N • OAo - -  ---->■ Ph. * + + OAo "
PhNg “OAo
PMgO'e -> AoOH
Ph.H:N.OH + Ph,Ph
PhH
Ph
With th is  mechanism, Ruchardt and Preudenherg^^^ claimed 
that the high y ie ld  of a c e t ic  acid  and the absence of carbon 
dioxide were rea d ily  understood since acetate ions rather than 
acetoxy ra d ica ls  were involved; that the anomalous 
decomposition of N -n itrosoacetan ilid e in  a c e tic  acid  could 
be a consequence e ith e r  of so lva tion  of acetate  ion  
hindering the in it ia t io n  process or of displacement of the 
diazotate-diazonium  equilibrium ; tha,t the r e la t iv e ly  high  
y ie ld  of carbon dioxide from the decomposition in  a c e tic  
anhydride might be a r e su lt  of reversa l o f the in it ia t io n
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reaction  causing a comparatively large amount of the 
nitrosamide to fragment hy simple homolysis; and th at clean  
oxidation o f phenylcyclohexadienyl rad ica ls would he expected  
i f  the phenyl d iazotate ra d ica l were s u f f ic ie n t ly  stab le to  
allow  of an appreciable stead y-sta te  concentration^
When N -n itrosoacetan ilid e was allowed to  decompose in  
benzene in  the cav ity  of an e . s . r .  spectrometer, the spectrum 
of a lo n g -liv ed  rad ica l — p o ssib ly  the postu lated  d iazotate
rad ica l -  was observed throughout the whole duration of
125 151the rea ctio n . Further in v estig a tio n  confirmed that
the observed spectrum was that of a ra d ica l containing
two n itrogen atoms, w ith spins unequally coupled to  the spin of
the unpaired electron  ( a «±11*6; ±1.7  gauss)* The spectrum
of the rad ica l formed from ^^N-nitrosoaoetanilide (30*5^
is o to p io a lly  pure) showed le s s  contribution from the sm aller
coupling constant. By assuming the accepted mechanism fo r
the rearrangement, v iz .U /=\ * ^A A—b - ao A A - ir = i î—OAo—
i t  was p ossib le  to a ssign  the larger coupling constant to  
the n itrogen adjacent to  oxygen in  the d iazotate ra d ica l.
The spectra from p—t-b u ty l-N -n itro sa a ceta n ilid e  and 
p-deutero-N—n itro so a ce ta iiilid e  suggested an angled
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structure fo r  the aryl d iazotate ra d ica l,
A rad ica l v/ith an e . s . r .  spectrum e s s e n t ia l ly  the same 
as that ohserved during the decomposition of N -n itrosoacetan ilid e  
in  henzene was reported hy Perkins and h is  co lleagu es, 
in  1967 , to  he formed in  the reaction  of nitrosohenzene with  
N-hrom oacetanilide, They considered that the most prohahle 
interm ediate common to  these reaction s was the n itroxid e  
rad ica l { V J 1 Ï )  ^
Ph' + N=0 1Ph-N-Ao
Ph-N-0 
4  I (-
Ph-N-Ao
(XVII)
Ph-N=0 
+ .
Ph-^-Ao
IBr
and accordingly proposed a modified scheme fo r  the
decomposition of N—n itro so a ce ta n ilid e  in  henzene. 
In it ia t io n ;
PhN(NO)Ac ■ 
Ph-
Ph-N-Ao
-» Ph,N:N.OAo 
Ph—N—0
Ph* 4- N^  + "OAo
Ph-N_Ao
Main product forming sequence:
Ph
ph 4' Ph
Ph-N-OH \ Ph-JSt-0'+ Eh.NjN.OAo - — »Ph- -t- N„ -t- AoOH * I Ph-N-Ac Ph-N-Ao
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The d e ta ils  of the la s t  reaction  were not defined , although  
i t  was conceded that more than one stage might he in vo lved .
A d ifferen t m odification  of Ruchardt and Rreudenherg*s 
scheme was presented hy Sus ch it zky. To r a t io n a lise  the 
formation of a ce ty l f lu o r id e  in  the decomposition of 
£,-fluoro—N—n itro so a o eta n ilid e  in  henzene, he suggested  
that hoth the nitrosamide and the d iazoaoetate could su ffer  
h e ter o ly s is  to  an ion  pair; that an exchange o f ion s could 
then produce new ion  p a irs; and th at u ltim a te ly  a ce ty l 
flu or id e  and a diazoanhydride would r e s u lt .
F
N(HO)Ao
F
IT_0 Ac
F OAo
F OAo
sN .O .Fsif
NîîI.OAo
“rn .
Ac F
AcF
F
r a d ic a ls
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Susohitzky further suggested that spontaneous h e tero ly s is  
of N -n itrosoaoetan ilide (in  henzene) was a more l ik e ly  
source of phenyl d iazotate anion than was the attack  of 
acetate ion  on the nitrosam ide, as had heen proposed hy 
Ruchardt and Freudenherg. Modified thus the scheme became :
PhN(NO)Ac [pKN20“Ao’*'j — » Ph.N:N,QAo [phNg* ÜAoJ
I_____________
[phN gO " ilfgPhJ «---------
IPh.N:N.O.NtN«PhiPh- + Kg + -ON^Ph
PhH
-»AoOH
4 [Ao"*" ~0Ao}-
-KAO.O.AO
Ph.Ph 4* Ph.N:N*OH --------  ^ [phN_ ”0h]
Bus ch it zky considered that the r e su lts  obtained e a r lie r  
hy Hey and hy Huisgen from th e ir  in v estig a tio n s  in to  the 
mechanism of the rearrangement of N -n itrosoacetan ilid e  
could he rea d ily  recon ciled  w ith M s suggestion th at the 
diazoaoetate v/as formed hy way of an ion  pair*
The b asic  p ostu la tes of Ruchardt and Preudenherg^s 
theory o f the decomposition of N -n itrosoacetan ilid e in  
henzene -  that a c e tic  acid  i s  formed in  an io n ic  reaction .
6 2 .
and that the presence in  the system of a lo n g -liv ed  rad ica l
ensures clean oxidation  of the phenyl cyclohexadienyl ra d ica ls ,
to  the exclu sion  o f th e ir  d im érisation  and disproportionation -
remain unchallenged, and permit r a tio n a lisa tio n  of two of the
outstanding fea tu res o f the rea c tio n . Such ideas do not,
however, o ffe r  any explanation o f the anomalous decomposition
o f O y t-b u ty l-N -n itr o so a o e ta n ilid e *  Oadogan, Hey and 
15'5Williams reported in  1^54- that while p -t-b u ty l-N —n itro so -
a oetan ilid e in  benzene gave the expected 4 -t-b u ty lb ip h en y l,
the o-isomer y ie ld ed  a mixture of isom eric t-butylphenyl
a ce ta tes , w ith only a trace of the b ia r y l. The unusual
behaviour of th is  nitrosamide -  confirmed by Rondestvedt and 
154-Blanchard -  was the subject of a more d eta iled  in v estig a tio n  
by Gadogan and Hibbert^ in  1964-» They found th at the es te r  
mixture ( to ta l y ie ld  4-6^) formed in  benzene contained o— and 
m-t—butylphenyl a ceta tes in  the ra tio  of two to  one and that 
the p-isom er was absent. When the decomposition was repeated  
in  the presence of anthracene, 1 -t-b u ty ltiip ty c e n e  (9^) was 
iso la te d ; and the e s te r  mixture (20^), reduced in  t o ta l  y ie ld ,  
was found to  contain r e la t iv e ly  more o—t-butylphenyl a ce ta te , 
Gadogan and Hibbert^ p ostu lated  the p a rtic ip a tio n  of 
3*-t-butylbenzyne, which in  the absence of an arynophile 
could add a c e tic  acid  to  form the o— and m -esters; but to  
account fo r  the d iffer en t composition of the e s te r  mixture
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formed in  the presence of anthracene, they suggested that
some o-t-hutylphenyl acetate was formed hy a non-aryne
mechanism. A scheme v/as proposed in  which o-t-hu ty l-N -n itrosoacetan —
i l i d e ,  because o f the bulk of the o -su b stitu en t, rearranged
to  the c i s - diazoacetato (rather than the normal tr a n s - )
v/hich then underwent concerted decomposition. On the
availab le  evidence, they emphasised, i t  was not p o ssib le  to
discount a ltern a tiv e  stepwise pathways to  3^t-butylbenzyne:
“OAo + E
Acon
Bu
OAo
Bu.
OAo
I OAo + N,
155Brydon and Gadogan la te r  in v estig a ted  the 
decomposition in  benzene of a number of o^-substituted  
N -n itrosoacetan ilid es and found th at in  a l l  cases (except
o-mothyl v/here intram olecular c y c lisa t io n  occurred) tho 
major product was the b ia r y l, although jo-phenyl-N- 
n itro so a o eta n ilid e  gave 2- and 3-acetoxybiphenyls (6 .3  and 4*5^) 
as w e ll as o-terphenyl (21^).
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PRO&R/ül/ME OP RESEARCH
Of a l l  the simple aoetylarylnitrosam ines in v estig a ted  
before I 965 , only £ -t-b u ty l-N -n itro so a o eta n ilid e  gave a major 
deoomposition-product in  benzene whose formation could not be 
ra tio n a lised  in  terms o f fr e e -r a d ic a l or diazonium-oation  
intermodiaoy, but rather required p a rtic ip a tio n  by an aryne, A 
study o f aoetylarylnitrosam ines with o -su b stitu en ts comparable 
in  s iz e  with the t-b u ty l group, and of aromatic molecules with  
more than one N-nitrosoacetamido fun ction , each having an 
adjacent t -b u ty l group, might prove to be not only in te r e s tin g  
and o f p o ssib le  syn th etic  a p p lica tio n , but a lso  valuable in  
understanding the anomalous behaviour of o -t-b u ty l-N -n itro so -  
a o e ta n ilid e . No sooner had th is  work been started  than i t s  
b asic premise — the uniqueness of aryne p a rtic ip a tio n  in  the 
decomposition o f p -t-b u ty l-N -n itro so a o eta n ilid e  -  had to be
155c r i t i c a l ly  examined fo llow in g  Brydon and Gadogan* s d iscovery  
that N -n itrosoacetan ilid e  forms the *benzyne adduot*, 1 ,2 ,3 ,4 “* 
tetraphenylnaphthalene, w ith 2 ,3 ,4 ,5 '“tetraphonylcyolopenta- 
dienone. I t  therefore became necessary to e s ta b lish  more 
c le a r ly  the d ifferen ces between the behaviour o f o -t-b u ty l-N -  
n itro so a o eta n ilid e  and i t s  m- and p -  isom ers, as w e ll as other 
aoetylarylnitrosam ines in  general.
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Symbols and Abbreviations 
The abbreviations that appear in  th is  th e s is  are those  
in  common usage* In ad d ition , the fo llow ing symbols are used; 
J sp in -sp in  coupling constant
s s in g le t
d doublet
sh shoulder
m/lOOm moles of product per 100 moles of s ta rtin g
m aterial 
M molecular weight
m/e mass/charge r a tio
N norm ality
ly  ra tio  of d istance moved by the substance to
the d istance moved by the solvent front
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EXPERIMENTAL
Gas."Liquid Chromatography, -  Three instruments were
used fo r  a n a ly tica l in v estig a tio n s  : a Peiicin-Elmer P d l
chromatograph, w ith a fla m e-io n isa tio n  d etector, using
2m. X 2 .2  ram, i . d .  packed columns or 50 m, x 0 ,2 5  mm. i , d .
C apillary columns; a Varian Aerograph 1520B chromatograph,
with a fla m e-io n isa tio n  d etector , using 2 m. x 2 .2  mm<* i .d .
packed columns; a G r iffin  and George D,6 gas-d en sity  balance
chromatograph, using 2 m. x  5*0 mm* i .d .  packed columns,
Q uantitative measurements were made using the D*6 instrum ent,
the in ternal-standard  technique being th at described by
157Cadogan and Sadler. A ll standards were p u r ified  before  
u se . Preparative g . l . c .  u su a lly  made use of a ’P je  S eries 105, 
Model 1 5 , chromatograph, or occa sio n a lly , as in d ica ted , an 
Aerograph A,700 , In a l l  cases the carrier gas was n itrogen , the 
flow  rates and s p l i t  ra tio s  being as recommended by the  
manufacturers. The folloY/ing sta tionary  phases, supported on 
100-120 mesh o e l i t e  or s i l o c e l ,  were employed: Carbowax 20M 
(ca r ), neopentylglyool succinate (NPGS), polyethyleneglycol 
adipate (PEGA), 1 ,A^butanediol succinate p o lyester  (BDS), 
f lu o r o s ilic o n e  o i l  (QP-1), s il ic o n e  o i l  (S H ) and apiezon L 
grease (APL),
Column Chromatography, -  Alumina was Spence and Sons,
Grade H, 100-200 mesh (Broclcmann a c t iv ity  « 2) or occasion a lly .
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as in d icated , Hopkin and Williams ^Camag^  (Brockmann 
a c t iv ity  « l ) .  S i l ic a  g e l was Ylhatman Ghromedia 8G31,
Thin-Layer Chromâtograp hy, -  Chromatograms were 
obtained on 0.3 mm. or 1 .0  mm. (preparative) layers of 
alumina (Merck, Aluminium Oxide C) or s i l i c a  g e l (Maoherey, 
Nagel and Co., S il ic a  Cel C), Components in  the developed 
chromatogram were detected  by th e ir  fluorescence in  u ltra ­
v io le t  l ig h t ,  or by th e ir  reaction  w ith io d in e .
Proton ifagnetic Resonance Spectroscopy* -  A Perkin- 
Elmer Model R-10 Nuclear Magnetic Resonance Spectrometer, 
operating at a frequency of 60 Mo./sec* and a probe 
temperature of 35*5^ was used. Chemical s h if t s  are recorded 
as tau ( a: ) values in  parts per m illio n , tetram ethylsilan e  
(r lO .O ) being the in tern a l referen ce. Spectra were 
determined on 10-15?^ w/v so lu tio n s , or as in d ica ted .
Infrared Spectroscopy. -  Liquid samples were examined 
as th il l  f ilm s; so lid s  as m elts or Nujol m ulls. Solution  
spectra were obtained using matched c e l l s  (path length  
indicab ed) w ith s i lv e r  ch loride or sodium ciiloride windows. 
Perkin-Elmer Model 237 or 257 Spectrophotometers were most 
commonly used; occasional spectra were recorded on Grubb 
Parsons Type G.S.2A or Perkin-Elmer Model 137 Spectrophoto­
m eters.
U ltra v io le t  Spectroscopy, -  A matched p air of 1 cm. 
s i l i c a  c e l l s  was used in  a Uni cam 8 ,P .800 U ltra v io le t
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Spe otrophot ometer.
Mass SpeotrosGopy, -  Mass spectra were obtained using  
an A ssociated  E le c tr ic a l In d u stries MS9 mass spectrometer, 
by courtesy of B r it ish  Petroleum Company Limited, or 
occa sio n a lly , an A ssociated  E le c tr ic a l In d u stries MS12 
spectrometer, by courtesy of Professor Lord Tedder, U niversity  
of Dundee, Calculated va lu es of mass—sp ectra l fun ction s are 
due to  Beynon,^^^
Spinning-Band Column D is t i l la t io n s »- These were performed 
with a Buchi Drehbandlcolonne Type AG u n it , the band being of 
s ta in le s s  s t e e l ,  A r e flu x  ra tio  of 30:1 and a d i s t i l la t io n  
rate of approximately 1 ml, per hour were employed.
Melting P o in ts , -  The m elting points of a l l  new compounds 
were determined on a K ofler h ot-stage apparatus.
Photochemical R eaction s,-  A Hanovia 100 watt Medium 
Pressure Mercury Arc Tube -  No, 1 2 7 7 l/l  in  a w ater-cooled  
quartz envelope vms surrounded by the reaction  mixture 
contained in  a 100 ml, capacity  ï ^ e x  reaction  v e s s e l .
Elemental A nalyses, -  Mioroanalyses were performed by 
Bernhardt, Mulheim, Germany, by W eiler and Strauss, Oxford, 
and by Mr. J , Bews, U n iversity  of S t, Andrevfs,
• S o lven ts. -  Dimethyl sulphoxide v/as dried over magnesium 
sulphate, then over calcium  hydride, and d is t i l l e d  from 
calcium hydride in  an atmosphere of nitrogen (b ,p , 86-8^ /
20 mm,). Tetrahydrofuran was passed dovm an alumina column and
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d is t i l l e d  from lith iu m  aluminium hydride. Nitromethane 
and dimethylformamide were d i s t i l l e d  and dried  over 
molecular s ie v e , tran s-l,2 -D ioh loroeth y len e was dried over 
calcium sulphate and fr a c t io n a lly  d is t i l l e d ,  h .p , 4 8 «5^• 
A o eto n itr ile  was d i s t i l l e d  from phosphorus pent oxide. 
Super-dry ethanol was prepared as described by Vogel (Method 
1 ) .  B enzene-^  (Ciba, )99  atom % B) was dried over 
sodium w ire. Common so lven ts were puri& ed by standard 
procedures# Petroleum re fers  to  the fra ctio n  b.p# 40-60^j 
d eoalin  was a mixbure of c is  and trans isom ers.
Reagents. -  Benzyl ch loride (b .p . 76^/20 mm.) and
1-bromobutane were d i s t i l l e d  from phosphorus pent oxide. 
t-Butylbenzone was dried over sodium wire and d i s t i l l e d  
(b .p . 60^/15  mm.), and i t s  p u rity  checked by g . l . c .  Thionyl 
chloride (lOO g .)  was d i s t i l l e d  from quinoline (20 g . )  and 
the fr a c tio n  b .p . 75-7*  ^ r e d is t i l le d  from raw lin se e d  o i l  
(40  g . )  to  g ive a co lou rless product, b .p . 75^7^* T rieth yl 
phosphite (Albright and W ilson) was allowed to  stand over 
sodium wire u n t il  no further reaction  occurred, and was then  
d is t i l l e d  from sodium in  an atmosphere of n itrogen , the 
fra c tio n  b .p . 59*^6l°/23mm* being reta in ed . Cadmium chloride 
was dried in  a ir  at 120°. Iron powder (B.D.H. Hydrogen 
Reduced) was washed with ether to  remove grease* Potassium  
t-butoxid e v;as sublimed, block tomp. 200°/0 .02 mm#
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Ohlorociiphenylphosphine (ü d r io h  Chemical Co, I n c .)  and 
tetrad eu terioaoetio  acid  (Ko ch Light 98^) were used v/ithout 
p u r ifica tio n ; other reagents were p u rified  by d i s t i l la t io n  
or c r y s ta ll is a t io n .
I  PREPARATION Off AGETYLARYLAMIMES
A 0- ,  m- and p -t-B u ty la co ta n ilid es
0- ,  m-, and p -t-B utyln itrobenzenos. -  t-Butylbenzene
(275  g .f  2 .0 5  m oles) v/as n itra ted  by the method of Nelson and 
159Brovm# D is t i l la t io n  of the orudo product afforded a 
co lou rless liq u id  (l6*5s*)> b .p . 76--86°/23 mm., and an o i l  
( 279g ,) ;  b .p . 63'-87^/0»13 mm. The la t t e r  was examined by g . l . c .  
( 2^ NPCSj> 111-0 ° )  and found to  be a mixture o f _o-*, m—, and 
jD-t-butylnitrobenzenes ( I .56  m oles, 76^) in  the approximate 
ra,tio 2:1:5* E m otional d i s t i l la t io n  through the spinning- 
band column y ie ld ed  o_-t-butylnitrobenzene, b .p . 148°/38 mm., 
and m -t-butylnitrobenzene, b .p . 158°/36 mm, ^ -t-B u ty ln itr o -  
benzene, m.p. 27°, could be obtained from the residue by 
c r y s ta ll is a t io n  from ethanol a t -*lf.O°. This compound was a lso  
prepared by Dr. P.O. îübbort.
P«^t-Butylaniline. -  A mixture of p -t-butyln itrobenzene  
(7I -6  g . ,  0 .4 0  m ole), iron  powder (89*6g.), ethanol ( l6 0 g .) ,  
and water ( l6 0 g .)  was s tirred  v igorously  while hydroolilori0 
acid  (sp .g r , 1 ,1 6 , 9*60g.) was cau tiou sly  added. A fter
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b o ilin g  under re flu x  and s t ir r in g  fo r  14 hr#, the cooled  
reaction  mixture was made a lk a lin e  w ith 10Ç? sodium hydroxide 
so lu tion  and f i l t e r e d .  The reaction  f la sk  and s o lid  residue  
were washed w ith methanol, the washings combined w ith the 
f i l t r a t e ,  and much of the a lcohol was removed by d is t i l la t io n .  
Water (50  ml, ) and other (15O m l.) were added to  the residue, 
the layers separated, and the aqueous portion was extracted  
vfith ether (lOO m l,) .  The o r ig in a l f i l t r a t io n  residue was 
extracted  w ith ether (lOO l ü , ) ,  and a l l  the ex tracts were 
combined and dried over potassium hydroxide p e l l e t s ,  Evaporation 
of the solvent l e f t  a brovm o i l  which was d i s t i l l e d  from zinc 
dust in  an atmosphere of n itrogen to  y ie ld  p -t-b u ty la n ilin e  
(55 . 8 g ., 0 .3 7 5  mole, b .p . 108-10°/8  mm.
p - t - B u t y l a c e t a n i l i d e A cetic anhydride (45#Og, ) v/as 
gradually added to  a s t ir r ed  so lu tion  of p—t-b u ty la n ilin e  
(55 . 4 g .,  0 .358  mole) in  a c e tic  acid  (24#0g ,). The mixture 
was heated at 120° fo r  30 roin. The so lid  v/hich separated when 
the hot so lu tion  was poured in to  iced  v/ater (1 .3  1# ) was 
c o lle c te d , washed v/ith water, dried, and c r y s ta llis e d  from 
benzene-petroleum (6 :1 ) to  give p -t-b u ty la c e ta n ilid e  (6 3 . 6g , ,  
0.3W- mole, 96^), m.p. 173-4° ( l i t . ,^ ^ ^  1 7 4 °).
N.m.r, (CD01_): T:l,83(broacL, KH), 2 .5 5 (unresolved m u ltip lo t,
4H), 7.90(Mb) and 8 . 7 2 (t-B u ).
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The fo llow in g  compoimds were prepared in  a sim ilar  
manner, hut v ithou t p u r ifica tio n  of the amine :
o - t - B u t y l a c e t a n i l i d e (84J&), m.p. 164-5° (lit* ,^ ^ ^
1 65°).
N.m.r. (CDGl^): x  2 .3 0 -5 .1 0 (complex, W)> 7 .8 6 (Me) and
8 .6 2 (t-B u ).
m-t-B u ty la c e ta n ilid e , -  (92^), m.p. 101 -2°( l i t . ,
1 0 1 .5 -2 .5 * ) .
Each of the isom eric amides was shown hy g . l . c .  (2^ NPGS,
180°) to  contain l e s s  than 0.1^ of any im purity,
B o - and p—t-B u ty l—2 ,2 ,2 -tr id eu ter io a ce ta n ilid o  s
T rid eu terioacety l Chloride. -  Ereshly d i s t i l l e d  phosphorus 
tr ich lo r id e  (7*56g.) was dripped in to  tetrad eu terioaoetio  acid  
(1 0 .Og., 0 ,156  mole) and the mixture was stirred  at room 
temperature fo r  15 min. and then at 50° fo r  a fu rth er 30 min.
The crude acyl ch loride was d i s t i l l e d  out, trea ted  w ith 2 drops of
158tetrad eu terioaoetio  acid  to  destroy any phosphorus e s ters  present, 
and fr a c t io n a lly  d i s t i l l e d  to  y ie ld  tr id eu ter io a ce ty l chloride  
(7 .2 8 g ., 0.089 mole, 57^), b .p . 50-52°.
o ^ t-B u ty l-2 ,2 ,2 -tr id e u ter io a ce ta n ilid e , -  Crude p -t -h u ty l-  
a n ilin o  (3.75g#, 0.025 mole) was d isso lved  in  ether (lOO m l.) 
and triethylaiTiine (3*40g.) added* The so lu tion  was s tirred  at 
0° while tr id eu te r io a c e ty l ch loride (2*69g.) in  ether (20 m l.)  
was added dropwise during 15  min. A fter s t ir r in g  the mixture
78.
fo r  a further 2 hr, the so lid  m aterial was f i l t e r e d  o f f ,  and
d isso lved  in  chloroform (50  m l.) and water (50  m l.). The
layers were separated and the a<queous portion was extracted
with chloroform (2 x  25 m l#). The organic exrbracts were dried
over sodium sulphate, and evaporated to  give a white so lid
which v/as added to  that obtained by evaporation of the
eth ereal f i l t r a t e .  C ry sta llisa tio n  from benzene (tw ice)
y ie ld ed  co lo u r less  needles of o - t -b u ty l-2 ,2 ,2 -tr id eu ter io a ce ta n ilid e
(4 . 27g . ,  0.022 mole, 87^), m.p. 164-5*. The n.m .r. spectrum
showed no absorption at x  7 .8 6 .
p -t -B u ty l-2 ,2 ,2 - t r i d e u t e r i o a c e t a n i l i d e This compound was 
prepared s im ila r ly  in  90^ y ie ld , m.p. 173-4* from benzene. The 
n.m .r. spectrum shov/ed no absorption at T 7.90#
G 2 , 5 -D i-t-b u ty la o eta n ilid e
1 .4 -D i-t-b u ty l-2 -n itrob en zen o . -  p-D i-t-butylbenzene was 
n itra ted  as described by Legge to  y ie ld , a f te r  c r y s ta ll is a t io n  
from isopropanol, 1 ,4 -d i-t-b u ty l-2 -n itro b en zen e  (71^),
m.p. 79-84*. A sample was re c r y s ta llis e d  and had m.p. 84-5* 
( iit ./iG i 86-86.5°).
2 .5 -D l-t-b u ty la n ilin e . -  A mixbure of the n itro  compound 
(4^;.#0g., 0 .1 9  m ole), iron  povfder (3 7 .6 g .) ,  ethanol (3 8 g .) , and 
water (38g .) wa,s s tirred  v igorou sly  and hydrochloric acid  
(sp .g r . 1 . 16 , 3 . 76g .)  added. The mixture was b o iled  under 
re flu x  fo r  24 h r ., made a lk a lin e  w ith lOfô sodium hydroxide
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so lu tio n , and allowed to  cool to  room temperature# The so lid  
m aterial vms o o lleo ted , and together w ith  that remaining in  the 
f la s k , was extracted  w ith hot chloroform (l6 0 , 2 % 140 m l#).
The f i l t e r o d  ex tracts were oonoentm tedto a yellow  residue which 
c r y s ta llis e d  from ethanol to  g ive pale yellow  2 ,5 -^ i-t -h u ty la n ilin e  
(3 2 .4 g ., 0.16 mole, 85^), m.p. 103 -4°( l i t . , 1 0 3 -4 °).
2 j 3 -D i..t-b u ty la o eta n ilid e . -  2 ,5 -D i-t-b u ty la n ilin e  (lA;..3g. ,  
0 ,0 7 0  mole) and a c e tic  anhydride (9.?0g#) were heated on a 
steam-bath fo r  8 min» Water (80 ml») was added, the mixture 
shaken v igorou sly , and the p rec ip ita te  o o lleo ted , washed v;ith 
water, and c r y s ta llis e d  from isopropanol to give 2 ,5 -d i- t -
ob u ty lacetan ilid o  (l5*9g«> 0,064 mole, 9i/^)i m#p# 158-9
( l i t . , ^ “  ^ 1 5 5 . 6- 1 5 6 .4 ° ) .  (ÏQuna: 0 ,77 .3 ; H,1 0 ,0 5 . Oslo, fo r  
C^ ^H^ ^NO; 0,77*7; H,10.2^)». Examination by g » l» c , (lO^ SXL, 
198° )  revealed no im purities»
D 1 ,4 -D iacetam id o-2 ,5 -d i-t—butylbenzene
l ,4 - D i- t - b u t y l - 2 ,5 ^ d in i t r o b e n z e n e This compound was 
prepared by n itr a tio n  of jg-di-t-butylbenzene, using the method 
of Carpenter and E a s t e r , w h o  incorrectly^^^ assigned the 
structure 2 ,5-d i-t-butyl-l,3"*d in itrobenzene to  th e ir  product# 
The crude reaction  product was examined by g . l . c .  and found to  
contain f iv e  components, A^E (reten tion  time in  min# and 
approximate weight % g iven ), of which B and 0 were incom pletely  
resolved: A(2»25, 3%), B(7#1 5 , 54-64??)^ C(7*7 0 , 10-20^),
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D(12»1,5?S) and E(13*&5, 18^). Three c r y s ta ll is a t io n s  from 
etlianol afforded 1 ,4 -d i—t-butyl*-2,5-dinitro'benzene (B, 25^), 
m.p# 194-5*- (Eound; 0 ,6 0 .0 ; H, 7-1» Oalo# fo r  
^14^2oV 4- 0 ,6 0 .0 ; H, 7 # ^ ) .
N.m.r.(CDOlz): t  2 .4 8 (s , 2H) and 8 .58(s,18H , t-B u ).
The m aterial iso la te d  hy Carpenter and Easter had m.p. 193-3*5°.
2 ,5-Di-t-hutyl**p-pbenylenediamine »*■> A mixture of
l ,4 -d i- .t -h u ty l-2 , 5-dinitrohenzene (2 4 .8 g ., 0.089 m ole), iron  
powder (36 . 8g . ) ,  hydroohlorio aoid (sp .g r . 1 .1 6 , 3 .6 8 g .) ,  
ethanol (69g -), and water (73s* ) was s t ir r e d  v igorou sly  and 
b o iled  under r e flu x  fo r  42 hr. A pplication of the work-up 
procedure described fo r  the preparation o f 2 ,5 -d i-t-b u ty la n ilin e  
y ie ld ed  2,5-cli-t-butyl-£-phenylenediam ine (18 .8 g .,  0.085 mole, 
Sl%)p m.p. 171-‘5** A sample c r y s ta llis e d  from ethanol had 
m.p. 171—2 .
N .m .r .(001^); % 3.39(s,2H ), 6 .59 (s,W ,im ^ ) and 8 ,6 l
(s,18H ,t-B u).
161Legge has reported m.p. 171-2° fo r  2 ,5-di-t-butyl-g]^phenylen6. 
diamine•
1 ,4-Diaoetamicb - 2 , 5 -d i- t—butylbenzene. -  A cetic anhydride 
(7 9 s-) was added in  portions to the diamine (2 0 .3 g .j 0.092 mole) 
and the suspension was heated on a steam-bath fo r  8 min.
Water (300 m l.) was added, the mixture shaken v igorou sly ,
and the resu ltin g  wliite so lid  was c o lle c te d . This m ateria l.
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v/hich was only s l ig h t ly  solub le in  common so lv en ts , was 
b o iled  with a ce tic  aoid (800 m l.) fo r  1 h r ,, and the un­
d isso lv ed  so lid  c o lle c te d  on a f i l t e r ,  washed w ith methanol, 
and sublimed at 260-90° (block tecjp. ) /0 .0 1  mm# to  y ie ld  
co lo u r less  l,4 -d iaoetam id o-2 ,5 -d i-t-bu ty lb en zen e (22#0g., 0 .072  
mole, 78^), m.p. 3 9 2 -4 ° . (?oimcl: 0 ,7 0 .6 ; H ,9.45; N ,9 .2 . Calo. 
fo r  GigHggMgOg: 0 , 7 1 . 0 ; H ,9.3; M ,9.2^).
N.m.r. w/v in  hexadeuteriodlmethyisulphoxide ) : % 8 .74  (t-Bu)
Legge has reported m.p. 368—70° fo r  1,3-diaoetam ido- 
2 ,^ -d i-t-b uty lben zene.
E 1 ,5 —Diacetamido-2, 3"di-t-b \itylbenzene
Attempted I so la t io n  of 2 ,5 -D i-t-b u ty l-l,3 -d in itro b en zen e  
The c r y s ta ll is a t io n  mother liq u o rs from several preparations of
l,4 -d i-t-b u ty l-2 ,3 -d in itrob en zen e(em p loy in g  a to ta l  of ca#
340g. £ -d i-t-b u ty lb en z0ne ) were evaporated, and portions of 
the residue fr a c t io n a lly  c r y s ta ll is e d  from ethanol, isopropanol, 
a c e t ic  acid , andcombinations of petroleum, benzene, carbon 
te trach lor id e  and nitromethane. In  a l l  cases, la t e r  crops of 
cry sta ls  appeared homogeneous and melted over a narrow range, 
but were seen by g . l . c .  (2fo Î'IPGS, 176° and 10^ PEGA, 200°) to  
contain at le a s t  20^ o 1 ,4 -d i- t -b u ty l- 2 ,3-dinitrobenzene# A 
t o ta l  of 2 6 .8g. of the isom eric mixture, m.p. 139"-40°, v/as 
obtained.
N.m.r. (CDOl,): f  2 .50(s,2H ) and 8 .5 3 , 8 .59 and 8 .62  ( to ta l
18H ,t-Bu).
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The la s t  three absorptions had in teg ra ls  in  the ra tio  
1 :0 .8 :1 . B e ll and have repox’ted  m.p. 141* fo r
2 ,5 -d i- t -b u ty l- l ,  3-d in itrobenzene.
1 ,3 —Diacetamido-2, 5-d i-t-butylbenzene *-  The mixture of 
d in itro  compounds (I0 # 6 g .) was reduced in  a sim ilar manner to
1 .4 -d i-t-b u ty l-2 ,5 -d in itro b en zen e , g iv in g  a brown o i ly  so lid  
which was s tirred  w ith a c e tic  acid  (6»2g.) and a c e t ic  anhydride 
(8 .3 s* ) s t  110° fo r  1 hr# A brovm ta r  separated when the 
mixture was poured in to  iced  water (400 m l.) . The aqueous 
portion was decanted and the ta r  b o iled  with ethanol ( l5  m l.)#  
Water (3 m l.) was added and the reax ltin g  brown powder was 
co llec ted  and b o iled  w ith ethanol (5O m l.) . The hot suspension  
was freed  from in so lu b le  m ateria l, and the f i l t r a t e  se t  aside
at —10° to  y ie ld  co lou rless need les of 1 ,3—d iaoetam id o-2 ,5 -d i-t-  
butylbenzene (0*92g .), m.p. 321°. (Pound; 0 ,7 0 .5 ; H ,9 .3 . 
0^8^I^3^2^2 0 ,7 1 ,0 ; H,9*3/2).
N.m.r. (10^ w/V in  hexadeuteriodim ethylsulphoxide): 't3 -0 9 (s ,2 H ), 
6.63(s,2H,NH), 8#02(s,6H,M e), 8.63(9H,t*-Bu) and 
8.79(95:, t -B u ).
No absorption was detected  at 8 ,7 4 .
E 4-Acetoxy-2,5*-di-*t~>butylacetanilide.
2 ,5-D i-t-butyl-Ih-n itrosophenol. -  A so lu tion  of
2 .5-di-t-butyl-p-benzoquinone (6 6 ,Og., O.3O mole) and 
hydroxylamine hydrochloride (31*38*) in  ethanol (85O m l.)
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was b o iled  under re flu x  in  an atmosphere of n itrogen  fo r  
30 lir# The cooled reaction  mi^cture was f i l t e r e d , the f i l t r a t e  
added to  0.5N -  sodium hydroxide so lu tion  (900  ml#) and the 
resu ltin g  brovm so lid  c o lle c te d . A c id ifica tio n  of the f i l t r a t e  
produced no ad d ition al s o l id . Three crystaELisations from 
mixtures of benzene, ethanol and oyolohexane y ie ld ed  yellow
2 ,5 -d i-t-b u ty l-^ n itr o so p h e n o l (2 9*6g . ,  0,13 mole, 42^), 
m.p. 209-10° ( l i t .d ^ ^  209°).
4-Amino—2 ,3 -d i-t-b u ty lp h en o l, -  Reduction of the n itro so -  
phenol as described fo r  the reduction of 2 ,5 -d i- t—b u ty ln itro -  
benzene gave crude 4-nm in o-2 ,5-d i-t-b u tylp hen ol (lOCÇ?)# A 
sample c r y s ta llis e d  from methanol had m,p, 208-9*#
N.m .r, (acetone): r  2 ,7 3 (broad,OH), 3 # 3 l(s ,lH ) , 3#40( s , 1H) and
6,25(broad,NH^)
(8jS w/v In CDOl,); T 8 .62 (l8H ,t-B u ).
4-Aceto%yt^2  ^5 -d i- t -b u ty la o e ta n ilid e . -  The arainophenol 
(1 2 ,2 g ., 0 .0 5 5  mole) was s t ir r e d  w ith a ce tic  anhydride (4 8 g -), 
and pyridine (8 ,7 0 g .)  added in  p o rtio n s . The re su ltin g  so lid  
mass was heated at 100° and a c e t ic  aoid  (20 iTil.) added to  give  
a clear so lu tion  which v/as heated fo r  a further 45 mins. and 
then poured in to  iced  water ( l ,6  1 . ) .  The p rec ip ita ted  
m aterial wa.s c r y s ta ll is e d  from a c e tic  acid  to  give co lo u r less  
4 -a o eto x y -2 ,5 -d i-t-b u ty la o e ta n ilid e  (l4 .2 g # , 0 .0 4 7  mole,
85^), m.p. 236- 7 ° . (Sound: 0 ,7 0 .8 ; H ,8.9; N ,4 .4 .
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0 , 7 0 . 8 ; H ,8.9; N ,4*6^).
N.m .r. (CDCI3 ): r  2 . 5 4 ( 3 , IH), 3 .0 5 (s ,lH ) , 7*69(Me), 7,84(Me)
8 .64(t-B u ) and 8 .6 8 (t-B u ).
I . r .  (N ujol): 3270(N-H)j I 765 and 1660 (0=0).
G o-AoetamidophenyXdiphenylphosphine Oxide
Ethyl Diphenylpho sphonit e » -  This substance v/as prepared 
in  91^ y ie ld  hy the method o f Rahinov/itz and Pellon^^^ and 
had h .p . 10^H-6°/0,33 mm.
Diphenyl(o-nitrophenyl)phosphine Oxide -  A so lu tio n
of jo-dinitrohenzene (3 4 .3 8 ,, 0 .20 mole) in  dimethylformamide 
(120  m l.) was s tirr ed  at 0° in  an atmosphere of n itrogen . 
Ethyl diphenylpho sphonit e (73-9s*) d isso lved  in  .dimethyl­
formamide (60  ml. ) v/as added dropwise during 2 hr. S tirrin g  
was continued fo r  a furth er 1 h r ., yj,elding pale brown 
cry sta ls  o f diphenyl(o-nitrophenyl)phosphine oxide (4 0 .Og.,
0 .1 2  mole, 6Q /), m.p. 227- 8 ° ( l i t . ,^ ^ ^  225°).
o-Amlnophenyldlphenylpho sphine Oxide. 1  The n itro
compound (2 4 .Og., 0.074 m ole), iron  powder (14 ,38*), hydro­
ch lor ic  aoid (sp .g r . 1 .1 6 , 1 .6 g . ) ,  ethanol (290 m l.) and 
water (29O m l.) were s t ir r e d  e f f ic ie n t ly  at the re flu x  
temperature fo r  24 lir . The hot mi^cture was made a lk a lin e  
w ith 10^ sodium hydroxide so lu tio n  and f i l t e r e d  through 
’H yflo-Supercel^  The f i l t r a t e ,  v/hen cold , deposited  a pinlc 
so lid  which was c r y s ta llis e d  from ethanol-water-aoetone
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(2 :2 :1 ) to  y ie ld  co lou r less o;-amiiiophenyldiphenylphosphine 
oxtae (1 6 . Og., 0,047 mole, 64^), m.p. 163-4° ( l l t . ,^ ^ ?  l 63-ih°).
o-Aoetamidophenyldiphenylphosphine Oxide. -  The amine 
(8 . 21g . ,  0.028 mole) was acety la ted  in  the same manner as 
£ -t-h u ty la n ilin e  to  y ie ld , a fte r  repeated c r y s ta ll is a t io n  from 
l ig h t  petroleum (h .p . 60- 80° )  -  benzene ( l ; l ) ,  very pale pinlc 
need les, m.p. 128-30°. The n .m .r. spectrum contained a 
strong absorption at x  2 . 6 5 (benzene ) which had dieappeared  
a fte r  the cry sta ls  had been heated at 70°/0 .04  mm. There 
remained amorphous o-aoetamidophenyldiphenylphosphine oxide 
(7 . 21g , ,  0 .0 2 2  mole, l l f o ) ,  m.p. 129- 30° ,  (Poimd: 0 , 71 . 5 )
H ,5.5; N ,4 .3 . CgpH g^NOgP roquires 0 ,7 1 .6 ; H ,5.4; N ,4 .2 # ). 
N.m.r. (ODOl,): t  - 1 .0 7 (broad, NH), 1.25-3.15(oom plex,14H ) and
7«90(Me).
I . r .  (Nujol): I 7OO (0=0) and I 3IO cm."^ (P=0).
H D iethyl o-Acetamidophenylphosphonate
D iethyl o-Nitrophenylphosphonate ^  mixture of
o-dinitrobenzeno (6 7 *2g . ,  0 .4 0  m ole), t r ie th y l phosphite 
( l3 3 g -) , and a o e to n itr ile  (500  m l.) was b o iled  under re flu x  
in  an atmosphere of dry nitrogen fo r  11 hr. V o la tile  
m aterial was removed by d is t i l la t io n  under reduced pressure 
and the residue fr a c t io n a lly  d i s t i l l e d  to  y ie ld  d ie th y l 
o-nitrophenylphosphonate (6 8 »5g ,;  0 .265  mole, 66)%), b .p . 
138- 9^ /0 .1 5  mm., which s o l id if ie d  on standing. C ry sta llisa tio n
8 6 .
from ethor-petroleiom ( l : l )  gave sto u t, pale yellow  needles 
(6 2 ,3 g .) ,  m.p. 53 -4°( l i t . 5 6 °).
N.m.r. spectrum; see Appendix.
D iethyl o-Aminophenylphosphonate. The n itro  compound 
(6 0 . 9g . ,  0 .2 3 5  m ole), a ce tic  acid  (32 m l.) and water (370  m l.)  
v/ere mixed and e f f ic ie n t ly  s t ir r e d , without heating, while 
iron  powder (l4 3 g . )  was cau tiously  added in  small p ortion s.
The mixture was heated at 60-70° fo r  30 min. and at 80° for  
45 m in., vigorous s t ir r in g  being maintained throughout. 'When 
coo l, the mixture was f i l t e r e d  through '% flo-8up ercel ^ , the 
residue washed with water, and the combined f i l t r a t e  and 
washings n eu tra lised  (iCHCO^ ) and extracted with chloroform  
(8 0 0 , 2 X 400 m l.) . The f i l t e r  cake was extracted  (CHCl^) and 
the combined ex tracts were concentrated to 500 ml. and dried  
over magnesium sulplm te. The remaining solvent was removed 
and the residue d i s t i l l e d  in  an atmosphere of n itrogen to  
y ie ld  d ieth y l o-aminophenylphosphonate (51*Og., 0.223 mole, 
95)%), b .p . 103^8° / 0 . 02 mm. A portion  of the product, 
orystallisecT. from eth er at -1|_0° had m.p. 32- 3 ° ( l i t . ,
2 8 -9 °).
N.m.r. spectrum: see Appendix.
D iethyl o-Acetamidophenylphosphonate.  -  A céty lation  of 
the amino (^;d..2g., 0.180 mole) by the method described fo r  
the preparation of jD -t-butylaoetan ilide gave, a fte r
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c r y s ta ll is a t io n  from other at -3 0 ° , co lou rless d ie th y l 
o-acetamidophen^rlphosphonate (41*3s*^ 0 .1 5 4  mole, 86)%), 
m.p. 37-9° (lit.,1GB 33_6°).
N.m.r. spectrum: see Appendix.
I . r ,  (m elt); 5260 (and small hands, N-H), I 7OO (C»0) and 
1300  om,“  ^ (P=0).
No im purities were detected by g . l . c ,  examination {3% CAR, 173°).
I  Other Acetylarylam ines
The fo llow in g compounds were prepared from commercially 
ava ilab le  amines by the method of acéty la tio n  described fo r  
the preparation of £ -t-b u ty la c e ta n ilid e  :
e-ch loroaoetan ilid e (65^ y ie ld ) ,  m.p, 8 7 -8 °( l i t . , 87*), 
m -chloroaoetanilide (88^ y ie ld ) ,  m.p, 7 1 -2 °( l i t . 72 -3*), 
o - tr if lu o r omethylacG tanilide (81)% y ie ld ) ,  m.p, 93-4*( l i t . , ^*^^94*) 
A cétylation  of £-acetamidophenol by the procedure employed 
fo r  the preparation of 4 -n o e to x y -2 ,5 -d i-t-b u ty la ce ta n ilid e
y ie ld ed  p -ace t oxyacetan ilide (84?%), m.p. 152- 3* ( l i t . , 152° ) .  
Attempts to  convert o -tr iflu orom eth y lacetan ilid e  in to
o -trich lorom eth ylacetan ilid e by the reaction  w ith a ce ty l chloride
172 173and aluminium tr ic h lo r id e   ^ gave N -acety lan th ran ilic  aoid  
as the only iso lu b le  product.
A oetan ilid e, m.p. 114-5*  ^ and p -ch lo ro a ceta n ilid e , 
m.p. 178- 9*, were p u rified  by c r y s ta ll is a t io n .
88.
I I  PREPiÆATION OE PHISNOLS M B  l'^Th ACETATES 
A 2 ,3-P i-t-bu ty lp h en ol
2 .5 -D i-t-b u ty la n ilin e  was d iazo tised  by the method of 
Carpenter e t . The diazonium s a lt  deoomposed to  y ie ld ,
o-fter steam -dis t i l la t io n  and c r y s ta ll is a t io n  from ethanol,
2 ,5 -a i-t-b u ty lp h en o l (42^), m.p. 117- 9° ( l i t .d ^ ^  1 1 8 -9 °).
The i . r .  speutrum oont&ined a weak hand at 3380 cm, in d ica tin g  
the presence of unreaoted amine. A portion of the impure 
phenol was d isso lved  in  eth er , and hydrogen chloride passed  
through the eoLution fo r  1 hr. A small amount of s o lid  m aterial 
was f i l t e r e d  o ff  and the f i l t r a t e  evaporated to  y ie ld , from 
ligh t-p etro leum  (b .p . 60 -80°), co lou rless needles o f 2 ,5 - d i - t -  
butylphenol, m.p. 121-2°.
I . r .  (N ujol): 3510 cm. (O-H), No hand at 3380 cm."^
B 2 ,3-Di-t-butyl.phenyl Acetate
2 .5 -D i-t-b u ty lp h en ol (l.OOg., 0.0048 mole) was d isso lved  
with warming in  a ce tic  anhydride ( l .5 0 g .) ,  sulphuric aoid  
(sp .g r . 1 .8 4 , 1 drop) added, and the so lu tion  heated on a 
steam-bath fo r  10 min. The p rec ip ita te  which formed when the
mixture was poured onto crushed ic e  (5 g .)  was c o lle c te d ,  
washed w ith water, dried , and c r y s ta ll is e d  from ligh t-p etroleum  
(b .p . 60-80°) a t -40° to  y ie ld  co lou r less needles of 2 ,5 - d i - t -  
butylphenyl acetate (0 .2 8 g ., 0.0012 mole, 25^ ), m.p. 52- 3° .  
(Eound: 0,77*6; H,9.4* ^ig^^4^2 0,77*4; H, 9*7?%)*
89.
N.m.r. (OCl^): T  2.7 l(d ,H ^ ), 2 . 9 2 ( d a , H , ) ,  3 . 0 6 ( d a , H , ) ,
7.75(Me) and 8 .6 7  (unresolved d, 18ff, 
t-B u ). J^_2^8.4, J i^ g l.8 , and dj_goa.
0 .0  o . /s e o .
I . r .  (N ujol): I 76O om."^
0 2 ,5^Pi~*t-^butylhyclroquinone D iaoetate
2,5-Di-t-butylhydroquinone was prepared from hydro- 
quinone and t-b utan ol fo llow in g the procedure of Oesper 
e t . a i . , and a c e ty la te d ^ w it h o u t  p u r ifica tio n  to  y ie ld ,  
a fte r  c r y s ta ll is a t io n  from benzene, 2, .5-di-t-butylhydroquinone 
d iaoetate (33^), m.p. 175- 6 ° ( l i t . ,^ ? ^  173-4 ° ) .
N.m.r. (CDCl,); t 2 .9 8 (s , 2H), 7.67(s,6H,M e) and 8 .6 6 (s,18H,
t-B u ),
I . r .  (Nujol): 1760 om.~^ (0=0).
D Diphenyl (o-hydroxyphenyl) p.ho Bphine Oxjde
o-Aminophenyldiphenylphospbine oxide (0 .7 8 g ., 0 .0025  mole) 
was d isso lved  in  warm 20?% hydrochloric aoid (1 .2  m l.)  and 
the stirred  so lu tio n  cooled to 0 ° . Sodium n it r i t e  (0 .1 9 g .)  
in  water (0 .6  m l.) was added dropwise, when a yellow  so lid  
was deposited . Water (12 ml. ) was added and the suspension was 
warmed at 50° fo r  10 min. The s o lid  m te r ia l  was f i l t e r e d  
o f f  and c r y s ta llis e d  from etiianol and from nitromethane to  
y ie ld  diphenyl(o-hydroxyphenyl)phospliine oxj.de ( 0 . 23g . ,  0.0008 
mole, 32?%), m.p. 227-9°.
90.
E o-Aoet o3{yphenyldiplienylpho sphine Oxicle
A mixture of diphenyl(o-h^/clroxyphenyl)phosphine oxide 
( 0 .2 2 g ., 0 .7 5  mniole), a co tio  anhydride (0 .5  m l.) and sulphuric 
acid  (sp .g r . 1.82^, 1 drop) ws.s heated on a steam-bath fo r  
20 min. The so lu tion  was poured onto crushed ic e  (20g .) to  
give a white Solid  which, c r y s ta llis e d  from ligh t-petro leum  
(b .p . 60-80°)—benzene ( l : l ) ,  afforded pale yellow  needles of
o-aoetoxyphonyldiphenylphOsphine oxide (0 .1 8 g ., 0 .54 mmole,72?%), 
m.p. 155- 6° .  (Found: 0 ,71-8; H ,5-2. requires
0 .7 1 .4 ; H ,5 .1 /) .
N.m.r. (CDOl^): X l .9 9  -  2.95 (complex) and 8 .27 (Me)«
1 .r .  (N ujol): I 765 (0=0) and 1200 om.“  ^ (P=0).
F D iethyl o-Hydroxyphenylpho sphonat e
A so lu tio n  of d ie th y l o^-aminophenylphosphonate (3.42f-g.,
0 .0 1 5  mole) in  8?% hydrochloric aoid ( l8  m l.) was s tirred  at 
^5* while fr e sh ly  d i s t i l l e d  eth y l n i t r i t e  ( l .5 0 g .)  was run in  
during 2 min. S tirr in g  was continued, at 0°, for  a further  
20 min. The so lu tion  was poured, with s t ir r in g , in to  water 
(lOO m l.) at 65° , and the mixture maintained a t that temperature 
fo r  15 min. A fter cooling in  ic e ,  the mixture was extracted  
w ith benzene ( 4  % 14 ml. ) and the combined ex tracts were 
washed v/ith 10?% sodium hydrogen carbonate so lu tio n , dried over 
sodium sulphate, and concentrated to  a yellow  o i l  (3*14g.)»  
D is t i l la t io n  afforded d ie th y l o-hydroxyphenylphosphonate
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(2 .92g #5 0.013 mole, 85?%)) b .p . 74 -6°/0 .02  mm., which 
s o l id if ie d  on standing. Colourless c r y s ta ls , m.p. 40-41*, 
were formed from petroleum containing a l i t t l e  ether at - 20° .  
(Eound; 0 ,52 .4 ; H,6 . 8 . PO  ^ requires 0 ,5 2 .2 ; H,6 . 6?%).
N.m.r. spectrum; see Appendix.
I . r .  (m elt): 3140-2600 (severa l hands)» 1610, 1600 and
1580 (O-H) and 1200 om.“  ^ (P=0).
0 D iethyl o-Acetoxyphenylphosphonate
The phenol ( l ,1 5 g . ,  O.OO5O mole) was acety la ted  as 
described fo r  diphenyl(o-hydroxyphenyl)phosphine ox id e. The 
crude product was extracted  with ether (25,  2 x  I 5 m l.) and the 
combined ex tra cts were washed v/ith 5?% sodium hydroxide so lu tion  
and water, and dried over magnesium nulphate. D is t i l la t io n  
y ie ld ed  co lo u r less d ie th y l £ -a ceto3(yp>henylphosphonate 
(0 .7 0 g ., 0.0026  mole, 52?%), b .p . 83-5*/0 .02  ram. (Eound:
0 . 52 . 6 ; H ,6 .6 . O^ h^^^PO  ^ requires 0 ,5 2 .9 ; H,6.3?%).
N.m.r. spectrum: see Appendix.
1 .r .  ( l iq u id )  Î 1770(0=0) and 1250 cm.'"^(P=0).
H D iethyl m-Hylroxyphenylphosphonate
A stirred  so lu tio n  of m-iodophenol (6 .2 6 g ., 0.031 mole) 
in  t r ie th y l phosphite (lOO m l.) was irrad iated  w ith u .v . l ig h t  
fo r  4^ }. hr. at 10° in  an atmosphere of dry nitrogen# V o la tile  
m aterial was removed by evapora.tion under reduced pressure, and 
then by vacuum-dis t i l la t io n ,  bath temp* to  120°/0 .03  mm. The
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resid u e, d isso lved  in  ether (25  ml#) was extracted  w ith  10^ sodium 
carbonate so lu tion  (3 % 20 m l.) and the extracts were a c id if ie d  
with hydrochloric acid  (sp# gr# l . l 6 )  when an o i l  separated^ 
Extraction with ether (ifO, 3 x  20 m l.) afforded a co lo u r less  
so lu tion  wliioh was dried over sodium sulphate and evaporated 
to  y ie ld  v iscou s d ie th y l m-hydroxyphenylphosphonate ( l# 8 1 g .,
0.008 mole, 26^), h .p . 185-95^ (block tem p .)/0 .02  mm.
(Found: 0 ,5 2 .0 ; H,6*9, requires 0 ,52 .2 ;
N.m.r. spectrum: see Appendix.
1 ,r .  ( l iq u id ):  3170-2590 (severa l bands), l6 0 0 , 1580 (O-H)
and 1220 om.“  ^ (P=0).
I  D iethyl m-Acetoxyiphenylnhosuhonat#
D ieth yl m-hydroxyphonylphosphonate (l*12g*, 0.0049 mole) 
was aoetylated  by the method described fo r  the preparation of 
d ieth y l ^acetoxyphenylphosphonate, but w ith a reaction  time 
of 1 h r ., to  y ie ld  m-acetoxyphenylphosphonate (0 .9 4 g ., 0.0034  
mole, 7P^)f b .p . 130-40^ (block temp. ) /0 .0 2  mm. (Found; 0,52*75 
PI,6.6* requires 0,52*9; H ,6 .3^ ).
N.m.r. spectrum; see Appendix.
I . r .  ( liq u id ):  1770 (0=0) and 1255 om.~^ (P=0)
J Other Aryl A cetates
A céty lation  of hydroquinone fo llow in g the procedure of 
Olcott^*^^ y ie ld ed  hydroquinone d iaceta te  (llj%a), m.p# 121-2^ 
( l i t . ,^ ^ ^  123- 4 ^); and hydroquinone monoaoetate 
m.p. 58 -9 °( l i t . 6 2 -3 ° ).
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177m-Ohlorophenol was aoety lated  by Chattaway*s method 
to  give m-chlorophonyl a ceta te  (78^), b .p . 8 1 -2 ° /2 .2  mm.
I . r .  1775 cm."^ (C=0).
£-t-B utylphonyl a ce ta te , b .p . I l6 ° / l2  mm., was prepared 
from the phenol in  a manner sim ilar to  that of the preparation  
of 2 ,5 -d i-t-b u ty lp h en y l a c e ta te .
I . r .  1770 om.“  ^ (C=o).
Phenyl a ce ta te , b .p , 195^, £-t-bu ty lph en yl a ce ta te , 
b .p . 130° / i 6 mm., and im-t-butylphenyl a ce ta te , m.p. 42-3^ 
( l it . ,^ ^ ^  42 -3 °) were p u r ified  by d i s t i l la t io n  or 
r e c r y s ta ll is a t io n .
1 ,3-Dia,cetam ido-2,3-di-t-butylbengene was hydrolysed and 
the diamine te tr a s o t is e d . When the c lear so lu tion  of 
tetrazonium s a lt  was dripped in to  a large volume of 5^ 
sulphuric acid  at 100°, polymeric m aterial r e su lted . No
2 ,5 -d i^ t-b u ty lreso rc in o l was obtained when th is  brown powder 
was heated in  a sublim ation tube at 170°/0 .03  mm.
I l l  PREPARATION OF BIAPYLS 
A 2-t-B utylbiphenyl
A so lu tio n  of dry dibenzoyl peroxide ( l4 ,5 g . ,  0.060 mole) 
in  t-butylbenzene (l07g*) was heated at 80° fo r  3 days in  an 
atmosphere of dry n itrogen . The excess of t-butylbenzone was 
evaporated under reduced pressure, and the residue d i s t i l l e d  to
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give a co lou rless l iq u id  (4.44g# ), b .p . 40 -92°/0 .05  mm.
This vfas found by g . I . e .  examination (20jS ÀPL, 233°) to  
co n sis t o f three components, A (reten tion  time 18*1 m in .),
B (2 7 .0  m in.) and 0 (33 ,7  m in .) , in  the approximate ra tio  
1 :3 :2 . The reten tion  tim es of B and C were id e n tic a l to  
those of authentic specimens of 3 - and 4 -t-b u ty lb ip h en y l. 
Pi'eparative g . l . c .  (Aerograph A .700, 8 f t .  x  0.375 iu .
i . d .  aluminium column containing 2CÇ? AHj on o o lit e  at 233°) 
allowed is o la t io n  of a ssample of component A, which was 
c r y s ta llis e d  from ethanol a t -40° to  y ie ld  2—t-b u ty lb ip h enyl,
m.p. 36-7° ( l i t . ,1 5 3  31- 4 ° ) .
N.m.r. (001^): x 2 .4 0 -3 ,2 5  (complex, 9H) and 8 .82 (t-B u ).
B D iethyl 2-Biphenylylphosphonate
2-Iodobiphenyl. -  2-Aninobiphenyl was d ia zo tised  and the 
diazonium chloride allowed to  react with potassium io d id e ,
179fo llow ing the procedure o f Oilman e t . a l . ,  to  g ive
2-iodobiphenyl (88^), b .p . 8 3 -6 ° / O-O^ h mm.
D iethyl 2-Biphenylylphosphonate. -  A s tirr ed  so lu tio n  of
2-iodobiphenyl (8 .4 0 g ., 0 .030 mole) in  t r ie th y l  phosphite 
(100  m l.) was irrad ia ted  w ith u .v . l ig h t  fo r  3 hr. a t 0° in  
an atmosphere of dry n itrogen . V o la tile  m aterial was removed 
under reduced pressure and the residue fr a c t io n a lly  d i s t i l l e d  
to  y ie ld  a co lou rless liq u id  (6*98g .), b .p . 112-18° / 0 . 02 mm. 
C ry sta llisa tio n  from eth er-p e troleum (1:1) afforded d ieth y l
95,
2-biphenylylphosphonate (5 .0 9 6 ., 0.018 mole, 59^), m.p. 
34-7°.(îourLd: G ,6é,0;H ,6,7* *^16^ 9 3^^ requires 0 ,6 6 .2 ;
H ,6 .6^ ).
N.m.r, spGotrum: see Appendix.
I . r .  (m elt): 1240 (P=0).
0 Other B iaryls
3-Ohlorobipheiiyl was given by Professor D.H. Hey, F.R*S.
2 ,5-D i-t-bu tylb ip henyl was th at prepared by Cadogan,
153Hey and W illiam s. 2-Phenylfuran was prepared by Dr. D.L. 
Brydon,
3-Acotoxybiphenyl, m.p. 33-4° ( l it . ,^ ^ ^  3 4 -3 4 ,2 °);  
4-^Aoetoxybiphenyl, m.p. 85-6° ( l i t . ,^ ^ ^  88-9°); b iphenyl, 
m.p. 68-9° ( l i t . ,^ ^ ^  71° ) ;  2-ohlorobiphenyl, m.p. 31°
( l i t . , 1^9 32° ) ;  4-ohloro-biphenyl, m.p. 75-6° ( l i t . / ^ ^  77°); 
and V-hydroxybiphenyl, m.p. 167-8° ( l i t .d ^ ^  162^-5°) were 
p u r ified  by r e c r y s ta l l is a t io n .
IV PKBPAMTION OF ARYNOPHILES 
A 2 ,5-Dimethylfuran
The dehydration of aoetonylaootone w ith fr e sh ly  d i s t i l l e d  
a c e tic  anhydride and anhydrous zinc ch loride, fo llow in g the 
procedure of Oaertner and Tonlcyn,^^^ gave 2 ,5-dimethylfuran  
(63^ ), b .p . 93-5°, which v/as furth er p u r ified  by fra c tio n a l  
d is t i l la t io n  from sodium wire in  an atmosphere of dry n itrogen 5.
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b .p . 93 ,5° 92 . 5—94° ) ,  iimnodiately before u se .
B 2- (p-t-Butylphenyl ) -3 , 4 , 5-t3?iphenylcyolopentadienone
p -t-B u ty lp h en y la ceto n itr ile . -  Potassium cyanide ( l6 .3 g .)  
and water (12 m l.) were s tirr ed  on a steam-bath u n t il  most 
of the so lid  had d isso lv ed . A so lu tio n  of pyt-butylbenzyl 
chloride (3 6 .5 6 ., 0 .20 mole) in  ethanol (34 m l.) was dripped 
in  during 30 m in., and heating w ith s t ir r in g  continued fo r  a 
further 6 h r ., when g . l . c .  examination (2j  ^ NPG-S, 150°) 
revealed that the reaction  was com plete. The p rec ip ita ted  
potassium chloride was f i l t e r e d  o f f  from the cold reaction  
mixture, washed w ith ethanol (30 m l.) , and the f i l t r a t e  
and washings were combined. F ractional d i s t i l la t io n  through 
a vacuum-jacketed Vigreux column y ie ld ed  p -t-b u ty lp h en yl-  
a o e to n itr ile  (2 9 . 6g . ,  0 .1 7  mole, 85>?). b .p . 121-8°/0#4 mm. 
( l i t . , i 4 9 _ 5 3 ° / i 6  nun,).
I . r .  ( liq u id ):  22/fO(OsiH); 1590 and I 3 6 O cm. (t~Bu).
p -t-B uty lp henylacetic  Acid. -  The n i t r i l e  (2 8 .9 g .,
0 .165  m ole), sulphuric acid  (sp .g r . 1 .8 4 , 4 2 g .) and water 
(32g .)  were stirred  v igorously  and b o iled  under re flu x  fo r  
12 hr. A white so lid  was p rec ip ita ted  when the mixture vfas 
poured, v/ith a g ita tio n , in to  ic ed  water (200 m l.) .  The 
aqueous phase was decanted from the so lid , which was washed 
w ith  water and d isso lved  in  ether ( I 50 m l.) . This so lu tio n  
was washed with water, dried  over magnesium sulphate, and
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evaporated to  a co lou r less o i l  (3 5 .4 g .) , O ry sta liisa tio n  
from petroleum y ie ld ed  p -t-b u ty lp h en y laoetic  acid  (2 0 .2 g .,
0.105 mole, m.p. 79-80° ( lit .,^ ® ^  7 8 -9 °).
p_t-Butylphen.ylaoetyl Chloride. -  p -t-B utylphenylaoetio  
acid  (3 2 , 6g», 0 ,1 7  mole) was stirred  w ith pure th ion y l chloride  
(43s . )  Q.t 50° fo r  1 hr, and a t the re flu x  temperature fo r  1 hr. 
The excess of th ion y l ch loride was d i s t i l l e d  out, and portions 
of dry benzene (3 x 30 m l.) were d i s t i l l e d  from the resid ue, 
which was then i t s e l f  d i s t i l l e d  in  an atmosphere of n itrogen  
to  y ie ld  v io le t  jD-t-butylphenylacetyl chloride (31 .4 g .,
0.15 mole, 88^), b .p . 96-9°/l,3nmi.
1 .r .  ( liq u id ):  1800 (0=0); 1395 and 1365 om."^ (t-B u ).
I - ( p - t —Butylphenyl)-3-phenylpropan-2-one. -  This oompound
was prepared by a method based on the experiments of B ld erfie ld  
182and Burgess,
Magnesium (9.2ij-g-) and ether (40 ml. ) were s tirr ed  under 
dry n itrogen , a cry sta l of iodine was added, and a portion  
(10 m l.) of a so lu tion  of benzyl ch loride (48.1g», 0,38 mole) 
in  ether (185 m l.) vras run in , V/hen the reaction  commenced, 
the remainder of the so lu tio n  was dripped in  during 30 m in., 
and s t ir r in g  continued fo r  a furth er 15 rnins. A fter b o ilin g  
under re flu x  fo r  15 m in., the mixture was cooled in  an ioe-b ath , 
and in so lu b le  matter removed by f i l t r a t io n ,  in  a stream of 
dr^ r n itrogen , through a g lass-w ool p lug . The f i l t r a t e  was
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d ilu ted  with ether (600 m l.) and stirr ed  very e f f ic ie n t ly  
at 0° in  an atmosphere of n itrogen  w hile cadmium chloride  
(55«8g,) was added in  ten  portions at 1 min, in te r v a ls .
S tirr in g  was continued a t 0° fo r  a further 2 hr*, and then 
a so lu tion  of p -t-h u ty lp h en ylaoety l chloride (31,4g*, 0.149 mole) 
in  ether (120 ml, ) was added during 10 min. The mixture was 
stirr ed  at 0° fo r  8 h r ,, and was then poured in to  an ag ita ted  
mixture of 20^ sulphuric acid  (120 m l.) and crushed ic e  (3 0 0 g .), 
The layers were separated, the aqueous layer was extracted  
w ith ether (2 x 100 m l.) , and the combined ether ex tracts  
være washed w ith water (200 ml. ) and l(ÿj sodium hydrogen 
carbonate so lu tio n  (.200 m l.) and l e f t  to  stand overnight. The 
so lu tion  was then washed w ith more bicarbonate so lu tio n  
(4 X 30 m l.) , the washings were extracted with ether (2 x 50 m l.) ,  
and a l l  the ether ex tra c ts  were combined, washed w ith  water 
(200 m l,) , and dried over sodium sulphate. Evaporation of the 
solvent l e f t  a yellow  o i l  (5 0 .5 6 ,)  which gave, by fra c tio n a l  
d is t i l la t io n  in  an atmosphere of n itrogen , a co lo u r less  liq u id  
(3 6 . 8g . ) ,  b .p . 12id-3°/0.18 mm. C ry sta llisa tio n  from petroleum  
at -40° afforded 1 - (p—t-butylphenyl )-3-phenylpropan-2-one 
(3 2 . 6g , ,  0 .125  mole, 82^), m.p. 32- 3° .  (ïcund: 0 ,8 5 .8 ;
H ,8 .2 . requires 0 ,8 5 ,7 ; H,8.3/5),
N.m.r. (OGl^): r  2 .51-3-05  (complex, 9H), 6 -42 (-CH^-),
6-47(-CH2*^) and 8 . 69(t-B u ).
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I . r .  (m elt): 17IO (C=0); 1395 and 1365 om."^ (t-B u ).
2- (p-t-Butylphenyl )-3 > 4  ^5**triphenyloyolopentadienoiie. -  
The ketone (1 5 , 96g», 0,060 mole) and h en zil ( l2 * 6 0 g ,, 0,060 mole) 
were d isso lved , w ith warming in  ethanol (l25  m l,) .  The so lu tion  
was heated under re flu x  to  a temperature s l ig h t ly  below the 
b ,p .,  and sw irled while potassium hydroxide ( l , 25g ,)  in  
ethanol ( l 2 ,5  ml, ) was cau tiou sly  added during 10  min. A fter  
b o ilin g  fo r  20 min. the purple mixture waS allovæd to  coo l, 
and the so lid  m aterial f i l t e r e d  o f f  and washed v/ith ethanol. 
C ry sta llisa tio n  from benzene-ethanol ( l ; l )  y ie ld ed  dark indigo
2-(p -t-b u ty lp h en y l)-3 4^ 5^-briphenyloyclopentadienone (2 2 , 8g . , 
0 .0 5 2  mole, 860), A sample gave f in e  need les, m.p, 225-7^, 
from acetone. (Found: 0 ,89-7; H ,6 .7- 3^3^28  ^ requ ires
0 .90 .0 ; H ,6 ,40 ).
N.m.r, (CDCl^): 2 ,5 5 -3 .2 0  (complex, 19H) and 8,73 (t-B u ),
1 .r .  (Mujol): 1705 om.“^ (0=0).
0 2 3^ )4 , 5-Tet r aphenyl cy c l  op ent adi enone
The condensation of equimolar amounts of b en z il and 
dibenzyl ketone under conditions sim ilar to  those th at were 
employed in  the previous syn th esis y ie ld ed , a fte r  c r y s ta ll is a t io n  
from benzene-ethanol ( l ; l ) ,  purple 2 , 3 ?4 , 5- ‘tetraphenylcyclo- 
pentadienone (8 3 0 ) , m.p. 217- 8 ° ( l it . ,^ ^ ^  218°).
D Other Arynophiles
Phenyl azide was prepared from phenyl hydrazine by the
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185method of Lindsay and A llen . The crude product vras 
d is t i l l e d  from a warm vrater-hath, in  an apparatus surrounded by 
wire gauze, to  give the pure azide (740), b .p . 27- 9° / l .0  mm., 
which vras dried over molecular s ie v e .
Anthracene (B.D.H. 'blue f lu o rescen ce ') was dried over 
phosphorus pentoxide in  a vaouum-desicoator.
Furan vras d i s t i l l e d ,  dried over molecular s ie v e , and 
r e d is t i l le d  from sodium vrire, b .p . 31°, immediately before 
u se.
V PREPARATION OF AHTO SOURCES 
A p-Bromo-t-butylbenzene
t-Butylbenzene was brominated by the method of ïfervel 
e t . F ractional d i s t i l la t io n  of the crude reaction
product through a Vigreux column gave p-br omo-t-butylb en zone 
(660), b .p . 106-10°/20 mm.
N.m.r. (OGl, ): T 2 ,72 (centre of M 'BB’, W ) and 8 ,70  (t-B u ).
B o-Br omo-t—butylbenzene
2—Brom o-l-t-butyl—4—nitrobenzene. -  pyt-Butylnitrobenzene  
was brominated in  sulphuric acid containing s i lv e r  sulphate
as described by Crawford and Stewart^^^ to  y ie ld  2~bromo-
l-t-b u ty l-4 -n itro b en zen e  (820), m.p* 92- 4 ° ( l it . ,^ ^ ^  94°)-
3 -B r o m o -4 '- t -b u ty la n il in e A mixture of the n itro  
compound (8 0 .Og., 0.31 m ole), iron  powder (65g-), ethanol
l o i .
(275  m l.) and hydrochloric acid  (sp.gr* 1 ,16 , 1 1 .3 g .)  was 
stirred  and b o iled  under re flu x  fo r  4  hr. The mixture was 
allowed to  cool and an ethanolio so lu tion  of potassium  
hydroxide ( 6 .6 g .) added. S o lid  m aterial was f i l t e r e d  o ff  
and washed w ith ethanol, and the combined f i l t r a t e  and 
washings evaporated to  g iv e , as a brown o i l ,  3-bromo~4~t- 
b u ty la n ilin e  (3 9 -lë* , 0.26 mole, 840), which was not p u r ified .
o-E r o m o -t -b u ty lb e n z e n e The amine was deaminated by 
treatment of the diazonium s a lt  w ith hypophosphorous acid  
(500  m l.) as described by Crawford and Stev/art.^^^ The crude 
product was fr a c t io n a lly  d i s t i l l e d  through the spinning-band 
column to  y ie ld  £-bromo-t-butylbenzene (2 5 . I g , ,  0 ,12 mole, 
ke% ), b .p . 130-32°AcW ia m .  ( l l t , /® ®  SG-Q°/1Z  mm.).
N.m.r, (OCl^); 1:2.38-3*26 (complex, 4H) and 8 .50  (t-B u ).
I . r ,  (0 .1  mm. f ilm ):  1955, 1920, 1890, 1835, 1800, I 7OO, and l6.70om,
the p o s it io n  and re la t iv e  in te n s it ie s  
being as expected fo r  an £ -d isu b stitu ted  
benzene.
C 1 ,4-Dibr omo-2, 3-d i-t-butylbenzene
Bromination of p -d i-t-b u ty lb en zen e, fo llow in g  the 
procedure of Kofod, Kumar and S u t t o n , y i e l d e d  a yellow  
s o lid . F ractional d is t i l la t io n  gave some low er-b oilin g  
m ateria l, follow ed by a pale yellow  o i l ,  b .p . 106° / 0 .2  mm., 
which s o l id if ie d  on standing. C ry sta llisa tio n  (tw ice) from 
ethanol y ie ld ed  co lou rless l , 4"-dibromo-2 , 5-d i-t-b u ty lb en zene
—1
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(330), m.p. 107-8° ( lit .,^ G 9  107°).
N.m.r. (CCI,): % 2.42 ( s , 2H) and 8 .51  (s,18H, t-B u ).
D 2-Br omo - 4 - t  -but y l f  luor ob en z e ne
2-Bromo-4""t-butylaoetanilide. -  Bromination of p - t -  
b u ty laoetan ilid e  ( l9 - lg - ,  0 .10 mole) in  a c e tic  acid , by the 
method of ICLouwen and Boelens,^^^ gave a product which was 
found by g . l . c ,  examination (20 OAR, 200°) to  contain ca . 300 
unchanged startin g  m ateria l, A suspension of th is  product 
in  a c e tic  acid  (30 ml. )  was s t ir r ed  vigorously  at 60°, and 
a further portion  of bromine (6 .0 g .)  added during 1 hr. A fter  
9 h r . , no p -t-b u ty la c e ta n ilid e  could be detected  ( g . l . c . )  in  
the reaction  mixture, which was worked up as prescribed  to  
y ie ld , a fte r  c r y s ta ll is a t io n  from ethanol-water ( 5 : l ) ,  
2-bromo-4““t-b u ty la o e ta n ilid e  (23*6g,, 0.088 mole, 880), m.p.
160-61° ( lit . ,^ 91 158°).
2-Bromo-4-t-butylbenzGnediazonium Fluoroborate. -  A 
mixture of 2-brom o-4*-t-butylacetanilide (2 0 .2 g ., 0.073 m ole), 
hydrochloric acid  (sp .g r . 1 .1 6 , 38 m l.) and water (33 m l.) 
was b o iled  under re flu x  in  an atmosphere of n itrogen fo r  
5 hr. The re su ltin g  so lu tion  was stirred  v igorously  and 
cooled in  ioo to  give a suspension of fin e  c r y s ta ls .  Sodium 
n it r i t e  (3 . 80g .)  in  water (l9  m l.) was dripped in  at 0° 
during 40 m in., and then a cold , f i l t e r e d ,  so lu tio n  of 
sodium fluoroborate ( l3 .8 g .)  in  water (35 ml. ) was added.
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with vigorous s t ir r in g , during 5 min* A fter a furth er 40 m in,, 
the p rec ip ita te  was c o lle c te d  on a f i l t e r ,  dried by suction , 
and d isso lved  in  acetone (30 ml. )* Addition of ether gave 
co lou rless p la te s  of 2-bromo-4-t-butylbenzenediazonium 
fluoroborate (2 0 ,8 g ,, 0.063 mole, 840), m.p. 148-9°(docomp. ) .
2-Broïïio-4-t-butylfluorobenzene . -  This preparation was 
carried out under vaouun (ca . 1 mm.) in  an apparatus sot up 
for  d is t i l la t io n .  The rece iv er  was iinmersed in  a carbon 
tetrach lor id e  slush-bath , and iced  v/ator c ircu la ted  through 
the double-surface condenser. The experiment was conducted in  an 
e f f ic ie n t  fume -  cupboard, in to  which the exhaust from the pump 
was fed .
The diazonium fluoroborate (2 0 ,7s*, O.O63 mole) v/as 
heated gen tly  w ith a small free  flam e, and a red liq u id  
d is t i l l e d  over. When a l l  the so lid  had decomposed, the f la sk  
was heated more stron gly  u n t il  no further d i s t i l l a t e  was 
c o lle c te d . The crude m aterial (13*3 g . ) was r e d is t i l le d  to  
y ie ld  co lou rless 2-brom o-4-t-butylfluorobenzeno ( l0 .9 g . ,
0.048 mole, 750), b .p . 67 -9 °/2 .0 5  mm. (Pouna: 0 , 5 1 . 6 ;
H,5.53« requires 0 ,3 2 .0 ; H ,5-20).
N.m.r. (200 w/v in  GCl^F); X  2*48 (dd,H^), 2*76 (quartet of
doubletSjH^), 3.03 (dd appearing 
as a 1 :2:1  tr ip le t,H ^ ) and
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8.70 (t-B u ). J .  2 .4 , 
oa. 0 . 0 ,   ^ 9*0,
TO 6 .3 , Jp -nt 4 .6  and 
"^6-F o . / sG o *
n.m .r. (2C0 w/v in  OGl^F) at 36 .4  M o./sec.: 112.3  parts per
m illio n  n p fie ld  from CCl^F (quartet of
pverlapping doub lets) .
I . r .  ( liq u id ):  1110 cm.  ^ (C-F). Weak absorptions at 1883,
1823 and I 76O cm,  ^ w ith p o s it io n s  and
r e la t iv e  in te n s it ie s  expected of a 1 ,2 ,4 -
187tr isu b s titu te d  benzene.
E 4 - t-B u ty la n th ra n ili0 Acid
This synthesis was based on the experiments of Skinner 
and Zell.^^^
4~t-B utyl-2-n itroben zoio  Acid. -  pyt-Butylbenzyl chloride
(I2 8 g ., 0 .7 0  mole) was n itra ted  by the method of Nelson and 
159Brown fo r  the n itr a tio n  o f t-butylbenzene. The crude 
product was fr a c t io n a lly  d i s t i l l e d  through a Vigreux column 
in  an atmosphere of n itrogen , y ie ld in g  low er-b oiling  m aterial 
follow ed by a v iscous orange o i l  (l37*4g»), b .p . 107-18° /0 .1  mm. 
Examination by g . l . c .  (20 NPGS, 180°) revealed two p a r t ia lly  
resolved  components, A (reten tion  time 4 .6  rain., 70-800) 
and B (3-2 m in., 20-300).
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N.m.r. (OCl^): x  1-96 , 2 .36 , 2 .50 and 2.69 ( a l l  m u ltip le ts ,
t o ta l  3H); 5-10 and 5*48 ( s in g le t s ,  to ta l  
2H, ra tio  3 -5 :1 );  8 .62 (s , t-B u ).
The product appeared to  ho a mixture of 4 - t-h u ty l-2 -n itr o -  
henzyl chloride (A) and 4 -t-b u ty l-3 -iiitro h en zy l chloride (B) 
( to ta l  0 .6 l  mole, 860).
The isom eric mixture ( l2 5 g -, 0.55 i^iole) was oxid ised  
w ith  a lk a lin e potassium permanganate as described by Skinner 
and Zell^^^ to  y ie ld , a fte r  repeated c r y s ta ll is a t io n  from 
benzene-petroleum and from carbon te tra ch lo r id e , pale pink
4 -t-b u ty l-2 -n itro b en zo ic  acid  (2 3 .I g . ,  0.0104 mole, 190), 
m.p. 152-4° ( l i t . ,^ ^ ^  138-43°). A dditional r e c r y s ta llisa t io n s  
did not a lt e r  the m elting p o in t.
N.m.r. (COl^ -^ODOl ,^ 4 :1 ):  T -2 .6 4  (sharp s , IH), 1 .95  -  2 .45
(complex, 3H) and 8 .60 (t-B u ).
4 -t-B u ty la n th ra n ili0 Acid. -  The n itro -a o id  ( l0 .0 5 g .,
0.045 mole) in  super-dry ethanol (185 m l.) vras shaken at 
room temperature w ith platinum dioxide (Adams c a ta ly s t ,
0 -4 9 s-) In an atmosphere of hydrogen. A fter 2^ h r ., 3 1* of 
hydrogen had been consumed, and no further uptake occurred.
The mixture was cau tiou sly  f i l t e r e d ,  the f i l t r a t e  concentrated  
to  40 m l., heated to  b o ilin g , and water (15  m l.) added. The 
pale yellow  cr y sta ls  that formed were re c r y s ta llis e d  from
1 0 6 ,
aqueous ethanol to  y ie ld  4—t-h u ty la n th ra n illo  aoid (6 ,0 2 g .,
0.031 mole, 690), m.p. 166-8° ( l i t . / ^ ^  167 -8°).
1 .r .  (Nujol): 3510 and 3390 (MHg); 3500-2000 (broad, 0-H);
and 1670  cm.“  ^ (C=0).
F 3-Chloroaiithranilio Aoid
This ^  lithe s i s  was based on the experiments of Holt 
and S a d d l e r , a n d  Marvel and Hlers.^^^
2-O hloroiso n itro so a ce ta n ilid 0 . -  Chloral hydrate (9 0 .Og.) 
and water ( 1 .2 .1 ,)  were v igorously  s t ir r e d  while the fo llow in g  
reagents were added in  order: sodium sulphate deoahydrate
( l3 0 0 g .) , a so lu tio n  of fre sh ly  d i s t i l l e d  o -oh loroan ilin e  
(64»0g., 0 .5 0  mole) in  water (6GO m l.) containing hydrochloric 
acid  (sp .g r . I . I 6 , 51-2 g .) ,  and a so lu tio n  of hydroxylamine 
hydrochloride ( llO g .)  in  water (500 m l.) .  The mixture was 
heated slov/ly to  b o ilin g , s tirred  under re flu x  fo r  50 m in., 
and cooled to  1 2 °, The s o lid  m atter, which contained much 
sodium sulphate, was f i l t e r e d  o ff  and d isso lved  in  warm 
water (2 1 . ) ,  and the so lu tion  re fr igera ted  overnight. The 
re su ltin g  p rec ip ita te  was c o lle c te d  and stirred  w ith warm 
2N-Sodium hydroxide so lu tio n  (800 m l.) , and the mixture 
f i l t e r e d  through 'H yflo-Superoel*. The f i l t e r  cake was 
washed with warm a lk a li  (2 x 50 m l.) and the combined f i l t r a t e s  
were sw irled while 2N- hydroclfLoric acid v/as added u n t il  the 
mixture was a c id ic . The copious white p rec ip ita te  was 
c r y s ta ll is e d  from ethanol-w ater (3 :2 ) to  y ie ld  2 -ch loroiso~>
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n itro so a o eta n ilid e  (7 2 , 0g . ,  0.36 mole, I Z p ) ,  m.p, 148—32°
( l i t ., 9^5 152°).
7*"Chloroisatin»- Sulphuric acid  (sp .g r , 1.84> 515g-)/
was heated to  68° and the source o f heat removed. Dry
2-chloroison itr o so a c e ta n ilid e  (69 .5 6 -, 0.35 mole) was added 
in  portions during 40 min, to  the v igorously  s tirred  acid , 
occasional cooling of the reaction  v e s se l being necessary  
to  prevent the temperature r is in g  above 80°. When addition  
was complete, the mixture was heated at 80° fo r  12 m in ., 
allowed to  cool to  room temperature, and was poured in to  
ag ita ted  iced  water (4 1 . ) .  A fter 30 min. the resu ltin g  
sludge was f i l t e r e d  o f f ,  washed w ith water, and s tirr ed  with  
IN-sodium hydroxide so lu tio n  ( l  1 . )  at 100°# The source of 
heat was removed and g la c ia l  a ce tic  acid  slow ly and 
cau tiously  added u n t il  the mixture was fa in t ly  a c id ic .  
D ecolourising charcoal (S.O g.) was added, the mixture s t ir r ed  
Q't 100° fo r  10 m in., and f i l t e r e d  through 'H yflo-Superoel' .  
Hydrochloric acid (sp .g r , 1 .1 6 , 200 m l.) was added to  the 
f i l t r a t e  which y ie ld ed , when cold , orange cry sta ls  of
7 -o h lo ro isa tin  (3 2 ,8g . ,  0.18 mole, 510), m.p. 181-2°
( l i t , ,  175° ) .
3""Chloroanthranilic Acid. -  7 -C h loroisatin  (25.76*^
0.14 mole) was d isso lved  in  IN-sodium hydroxide so lu tion  
(450 m l,) and hydrogen peroxide (100 volume, 49*7 m l.)
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dripped in to  the h ot, s t ir r e d , so lu tion  during 10 min.
A sample removed a fte r  a furth er 5 min. did not turn orange 
when a c id if ie d . The so lu tio n  was cooled and 0 .5N-hydrochloric 
acid  added u n t i l  a permanent p rec ip ita te  began to  form. 
D ecolourising charcoal (5*0g.) was added, the mixture s tirr ed  
and heated fo r  10 m in., and f i l t e r e d .  2N*^I^ydrochloric acid  
was added to  the f i l t r a t e  u n t i l  p rec ip ita tio n  was complete, 
and the f lo c c u le n t so lid  was co lle c te d  on a f i l t e r  and 
washed with w ater. C ry sta llisa tio n  from ethanol-w ater 
(2 :3 ) y ie ld ed  pale brown 3-ah loroanth ran ilic  acid  (2 1 .6 g .,
0.13 mole, 8 ^ ) ,  m.p. 190-92° ( l it . ,^ ^ ^  192°).
1 .r .  (N ujol): 3480 and 3360 (N-H); 1665 om.“^ (0=0).
C* Benzyne precursors
Ant h r a n ili  o aoid was c r y s ta ll is e d  from benzene 
containing a l i t t l e  ethanol, and had m.p. 145-6° ( l it . ,^ ^ ^  
14 1^- 6°) .
jO-Dibromobenzene was d i s t i l l e d  from phosphorus 
pentoxide, b .p . 92- 4 ° / l0  mm.
VI PREPARATION OF ARYNE ADDUGTS
A ll the follo?d.ng reaction s were carried out under 
anhydrous conditions in  an atmosphere of oxygen-free 
nitrogen .
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A 6 - t -B u ty l- l , 4-<iihydronaphthalene-l, 4-endoxide
From 4-t-B u ty lan tliran ilio  Aoid. -  A mixture of pentyl 
n it r i t e  (2 .93g.)>  furan (6 .8 0 g .)  and diohloromethane (?0 m l.) 
v/as stirred  and b o iled  under re flu x  v/hile a so lu tion  of 
Z^-t-butylanthranilio aoid (3-86g*, 0.020 mole) in  acetone 
(20 m l.) was dripped in  during 4  h r. A fter b o ilin g  fo r  a 
furth er 2 hr. the mixture was fr a c t io n a lly  d i s t i l l e d  to  y ie ld  
pale yellow  6 -t-b u ty l—l,4-d ihyd ron aph th alen e-l,4-endo2d.de 
( l .O lg . , 0.005 mole, 250), b .p . 8 3 -4 °/0 .0 4  mm. (Found:
0 .8 3 .9 ; H ,7 .9 . requires 0 ,8 4 .0 ; H,8.O50).
N.m.r. spectrum: see Appendix.
1 .r .  ( liq u id ):  1390 and 1360 (t-B u); 1155 (C-O-C) and
700 cm.*"^  (o is  0H=0H).
Mass spectrum: Parent ion , m/e 200. requires M = 200.
M + i /M c3 17.00* ^14^6^ requires
M + 1/m = 15.420 
M + 2/m a 1.80» requires
M + 2 / m « 1 .310 .
M etastable peaks at I 7I ,  133 and 105.
Attempted Preparation of 6-t-B u ty l-1 , 4-dihydronaphthalene- 
1^4-endo2Q.de from Other Sources of 4-t-B utylbenzyne. -  Generation 
of Z|.-t-butylbenzyne from 2-brom o-4-t-butylfluorobenzene with
^  p .
lith iu m  amalgam in  the presence of furan gave 2 -t-b u ty l-  
naphthalene as the only iso la b le  product. This aryne
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62precursor reacted w ith b u ty l-lith iu m  in  furan to  g ive a
mixture of products ( g . l . c , ) #  D is t i l la t io n  afforded a pale
yellow  o i l ,  b .p , 52-130°/0 .04  mm.; the i . r ,  spectrum contained
a broad band at 3430 om#“  ^ (O-H). A ll attempts to prepare
the Grignard r e a g e n t , a n d  hence 4-t-butylbenzyne, from
2-bromo-*4-t-butylfluorobenzene were unsuccessful#
£-Bromo-t-butylbenzene was heated w ith potassium
57t-butoxide in  dimethyl sulphoxide containing furan. G .l .c .  
examination of the reaction  mixture in d icated  that very l i t t l e  
dehydrobromination had occurred a fte r  37 hr. a t 70° .
B 6*"t-Butyl-l , 2 ,3 ,4 - t  etraphenylnaphthalene
A mixture of pentyl n i t r i t e  (0 .7 0 g .) , 2 ,3 ,4 ; 5 - te tr a -  
phenylcyclopentadienone (2 .3 0 g .)  and diohloromethane (20 m l.) 
was s tirred  and b o iled  under re flu x . A so lu tion  of 4 - t -  
b u ty lan th ran ilio  aoid (0*97g«; 5 ,0  mmoles) in  acetone (6 m l.)  
was dripped in  during 4 hr# and the mixture was b o iled  fo r  a 
further 2 hr# V o la tile  m aterial was removed by evaporation  
under reduced pressure, and the residue was chromatographed on 
alumina (350g.)# E lution  w ith petroleum-benzene (4 :1 ) gave a 
white so lid  ( l .4 0 g .)  which was c r y s ta llis e d  from benzene- 
methanol to  y ie ld  co lo u r less  6 - t - b u t y l- l ,2 ,3 ,4 —tetrap henyl-  
naphthalene ( l . l 6 g . ,  2 ,39 mmoles, 480), m.p, 286-7^- This 
m aterial was id e n tic a l (m.p.^mixed m .p ., and i . r ,  and 
n .m .r. spectra) to  the addudt iso la te d  from the reaction  of
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j2yt-b u ty l-N -n itro so a ceta n ilid e  w ith 2 ,3 ,4 ,5 -tetraph en yl- 
oyolopentadienone (p. I43 ) .
0 l-j(p-t-B utylphenyl ) - 2 ,3 ,4-triphenyliiaphthalene
A nthranilio aoid (1 . 37g . ,  1 0 .0  mmoles) was d iazo tised  
w ith pentyl n i t r i t e  in  the presence of (pyt-butylphenyl)-
3 .4 .3-triphenyloyolopentadienone (4 .4 1 g .)  as described above. 
Chromatography of the reaction  product on alumina (300g.) 
afforded, by e lu tio n  w ith petroleum-benzene (6 : l ) ,  a co lou rless  
so lid  (3 . 98g .)  which was c r y s ta llis e d  from a c e tic  aoid and 
from benzene-methanol ( l : l )  to  y ie ld  1 - (pyt-butylphenyl) -
2 . 3 . 4 -triphenylnaphthalene (3 *41g . ,  7*00  mmoles, 7 0 0 ) , m.p. 
200- 201° .  (Pounl: 0 , 9 3 . 0 ; Ii,6 . 7 . 0 gBLg requires 0 , 93 -4 ;
N.m.r. spectrum; see Appendix,
I . r .  (N ujol): 1070, 1025, 845, 770, 755, 700, 685 ana 655 om.“^
D 5-G hloro-l, 2 , 3 , 4-tetraphenylnaphthalen©
D iazo tisa tion  of 3-oh loroanth ran ilic  acid  ( l .7 3 g . ,
1 0 .2  mmoles) w ith pentyl n i t r i t e  in  a suspension of 2 , 3 , 4 , 3-  
tetraphenyloyolopentadienone (3 *76g .)  in  diohloromethane, as 
in  the preceding experiments, gave a product which was 
chromatographed on alumina (2 2 0 g .). E lution  w ith petroleum- 
benzene ( l ; l )  afforded a white s o lid  (0 *308g .)  which, 
c r y s ta llis e d  from benzene-methanol (3 :2 ) , gave 5-oh loro-
1 . 2 . 3 . 4 -totraphenylnaphthalene (0 *335g*, 0 .76  mmole, 7*30; 
crude lO.ôJjS), m.p. 2 5 6 .5 -7 .5 ° . (ïound: 0 ,87 .2 ; H ,5.2;
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0 1 ,7 -3 . G,,H2^01 requires 0 ,87-4; H,5-0; 01,
N.m .r. spectrum: see Appendix.
^max. ) i-"- oyolohexane: 2 2 0 (4 . 6 5 ) , 242(4 .68 ), 2i)-7(4.7l),
250(4-68), 255 (4 . 5 6 ) , 282(4-15) 
and 306 mM (4 -0 9 ).
E Adduot of 3-Ohlorobenzyne w ith Phenyl Azide
A so lu tion  of 3 - ohloroanthranilio  acid  (5«21g., 30 .4  mmoles) 
in  acetone (60 ml#) and benzene (Zj-0 ml, ) was added dropwise 
during 4 hr, to  a s t ir r ed  mixture of pentyl n i t r i t e  (3*90g.), 
phenyl azide (5*36g*) and benzene (120 ml#) at 60°* A fter  
heating fo r  a furth er 1 hr, a t 62° , v o la t i le  m aterial was 
evaporated under reduced pressure and the residue chromatographed 
on alumina (2 0 0 g ,), ELution w ith benzene-ether (2 0 ; l )  gave a 
pale yellow  s o lid  (0 ,3836*), which appeared from g . l . c .  
examination (10 APL, 220°) to  be a s in g le  compound. C r y sta llis ­
a tion  from petroleum-benzene y ie ld ed  co lou rless needles of 
4 -  and/or 7 -ch loro-l-p h en ylb en zotriazo le (0.24îfg*, 1*06 mmoles, 
3*30; crude 5*50) m.p. 115-6°. (Found; C,62#8; H ,3 .4 .
^12^8^3^^ 3:equires 0,62*75; H,3*50)* A fter fu sio n  w ith sodium, 
a sample of th is  m aterial gave p o s it iv e  t e s t s  fo r  halogen and 
n itrogen .
N.m.r. (CDCEL^ ): T 2 .00 -2 .73  (very complex).
/)^max. (:^og6) in  ethanol: 235(4*11), 253*5(3*76), 260sh(3 .83),
264*5(3*88), 272(3*88) and 
296 n/^(3*88).
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I t  was not p ossib le  to  e s ta b lish  whether th is  product was 
if- or 7-oh loro-l-p h en y lb en zotr iazo le , or a mixture o f isom ers. 
E lution  w ith  so lvents of in creasin g p o la r ity  gave no 
further tractab le  fr a c t io n s . The column packing was extracted  
w ith hot a c e tic  acid  and the cooled extract f i l t e r e d ,  evaporated 
to  dryness, and d isso lved  in  chloroform. Exbraction with  
a lk a li  and a c id if ic a t io n  o f the extracts gave a p rec ip ita te  
v/hich, c r y s ta llis e d  from ethanol-w ater, y ie ld ed  3 -ch ioroan th ran ilic  
acid  (2 . 06g . ,  12*0  mmoles), id e n t if ie d  by i t s  m.p#, mixed m.p. 
and i . r .  spectrum. Based on the amount of aryne precursor 
consumed ( l 8 .4  mmoles), the y ie ld  of adduot was 5 *%; crude
F 1-Phenylbenzotriazole
An experiment sim ilar to  that described above, but using 
unsubstitu ted  an th ran ilio  acid , y ie ld ed  1-phenylbenzotriazole  
(550; crude 580 ) , m.p. 87- 8° ( l i t . ,^ ° ^  89- 90° ) .
N.m.r. (ODCl,): x  1 .7 0 —2.85 (very complex),
X  ( lo g 6 ) in  ethanol! 2 3 6 .5 (4 .1 0 ), 2 60 (3 .94 ), 266sh(3 . 9l )
and 2 9 2 .5  m/iA(3 . 8 3 ) .
Or 1 ,4-Pimethyl*«*l, 4-dihydronapht h a le n e -l, 4-endoxide^^
A so lu tion  of b u ty l-lith iu m  in  ether, %)r e pared from
1 -bromobutane (3*42g., 0.025 mole) by the method of Vogel, 
was f i l t e r e d  in  a stream of n itrogen  through a g lass-w ool 
p lug, and d ilu ted  w ith ether (to  20 m l.) .  The f i l t r a t e  was
114.
s t ir r e d  e f f ic ie n t ly  a t -70° w hile 2,5-dim ethylfuran (5 .7 6 g .)  
was added during 10 min# A so lu tio n  of o-dibromohenzene 
(4 *72g#, 0.020 mole) in  ether (8 m l.)  was introduced dropwise 
during 30 min* A fter a further min. at -70° the mixture 
was allowed to  warm to  room temperature, and s t ir r in g  was 
continued fo r  2 hr. Ether (30 m l.) was added, and the mixture 
v/as poured in to  water (50 m l.) , when heat v/as generated. The 
layers were separated, the aqueous portion was extracted  with  
ether (2 x  15  m l.) , and a l l  the ether extracts were combined, 
washed w ith water, and dried over potassium ca,rbonato# The 
yellow  o i l  remaining a fte r  evaporation of v o la t i le  m aterial 
was examined by g . l . c ,  (.20 NPGS, 103°) and found to  contain  
much o-dibromobenzene, together w ith one other component. 
Repeated c r y s ta ll is a t io n  from petroleum at -60° y ie ld ed  
1 ,4«-dimethyl-l, 4-dihydronaphthalene-l, 4-endoxide (O »7&4g. >
0.0046 mole, 230), m.p. 32-3° 3 5 -3 5 .5 °).
N.m.r. (CCl^): see Appendix.
1 .r .  (m elt): 1145 (0 -0 -0 ) and 700 cm, (o is  CH=OH).
H 6 ,13-"D i-t-butyl-5,7 ,1 2 ,14-*t etrahydr o -5 ,14:7^ 1 2 -d i-o —benzeno* 
pentacene
A mixture of 1 ,4-dibromo-2, 5"-di-t-butylbenzene (7,41g*>
21,3 mmoles), anthracene (9 ,2 0 g .)  and t-butylbenzene (35 m l,)  
was b o iled  under re flu x , and potassium t-butoxide (5 ,2 9  g , ) 
added in  portions during 3 hr. A fter b o ilin g  fo r  a
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further l6  hr, unreacted anthracene was removed by adding 
m aleic anhydride (5*70g,) and b o ilin g  fo r  30 min. The mixture 
was allov/ed to  stand without heating fo r  2 h r .,  and was then 
b o iled  fo r  2 ,5  hr, w ith 80 sodium hydroxide so lu tio n  (30  m l,) .  
The cooled mixture was f i l t e r e d ,  the so lid  exhaustively  
extracted  w ith hot benzene to  give a flu orescen t so lu tio n , 
and the f i l t r a t e  extracted  with eth er. The organic ex tracts  
were combined, dried over calcium sulphate, and evaporated 
to  a yellow  so lid  (8,97g*) which was cliromatographed on 
alumina (7 0 0 g ,) , E lution  with petroleum gave a white so lid  
(0 .194g . )> m.p. 188- 90° ,  which from methanol y ie ld ed  co lou rless  
needles (O. 154g.)> “ -P* 189-90°. (Pound: 0 ,78 .65; H ,11.40). 
This m aterial appeared, by g . l . c ,  examination (GAR ca p illa ry , 
160° ) ,  to  be a s in g le  compound.
N.m.r, (GDClj): 'X 2.91 (s,2H ), 8.48(s,18H ,t-BuO ) and 8.62
(s,18H ,t-B u).
I . r ,  (Nujol): small bands at 1805 and 1715 om."" ,^ the la t t e r
being rather more in ten se , con sisten t w ith a
1871 ,2 ,4 ,5 -te tr a su b st itu te d  benzene.
This product was probably l , 4 “il-t-b u to x y -2 ,5 -d i-t-b u ty lb en zen e
(2.20). (^22^38^2 ^Gquires 0,79*0; H,11.450)*
ELution v/ith petroleum-benzene (10; l )  gave a white s o lid  
( 0 . 290g .)  which was c r y s ta ll is e d  (tw ice) from benzene-methanol 
to  y ie ld  l,4 * -d i-t-b u ty ltr ip ty een e  ( 0 .14 lg * , 0 .39 mmole, 1 .8 0 ) ,
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m.p. 230- 32° , mixed m.p, 232-4°. The n .m .r. and i . r .  spectra  
were id e n tic a l to  those o f the adduot from the reaction  of
2 ,5 -d i-t-b u ty l-N -n itro so a o e ta n ilid e  with anthracene (p .161 ) .
E lution  w ith petroleum-benzene ( l : l )  gave a white so lid  
(0 .428g .) which from benzene-methanol formed needles of 
6 ,13-di-t-butyl-5;> 7^  12,14-tetrahydro-5? 14:7 9 IR -di-e-benzeno- 
pentacene (0.2346*  ^ 0.43 mmole, 2 .00; crude, 3*70)j m.p, 380- 
83°. (Found: 0 ,92 .8 ; H ,7 .15 . ^2^38 0 ,9 2 .9 ;
H,7*10)*
N.m.r. (ODCl^); x  2.86 (centre of M 'BB', 16H), 3 * 8 2 (s ,
4H;ibridge-head), and 8.12 (s,18H ,t-B u ). 
'^max O^Gthanol) : 210, 234» 262.3 , 280 and 305 ,
I  Attempted Preparation of 5 ,lO ^ D i-t-buty l-1 , 4 , 6 , 9-^tetra-  
hydroanthr ace ne-1 ,4 : 6 ,9-diendoxide
l , 2i^Dibromo-2 , 5'-d i-t-butylbenz0ne (7#12g., 26,2 mmoles) 
and furan ( l4 .2 g . ) in  dimethyl sulphoxide (40 m l.) were 
stirr ed  at 60° while a so lu tio n  of potassium t-butoxide  
(5#87g.) in  dimethyl sulphoxide (40 ml#) was added during 
5 .5  hr. Heating was continued fo r  a, further 10 .5  hr#, and 
an ad ditional portion ( l .0 5 g ,)  of potassium t-butoxide  
added. A fter a furth er 3 h r , at 60°, v o la t i le  m aterial 
was removed under vacuum, and ether and water were added 
to  the resid u e . The la y ers were separated, the aqueous 
portion  was extracted  w ith eth er, and the combined eth ereal
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extracts v^ rere dried over oaloiura su lphate. Evaporation of 
the solvent l e f t  a yellow  s o lid  (9 .726»), the hulk (6 . 30g .)  
of which was chromatographed on s i l i c a  g e l (5 0 0 g .) . E lution  
with henzene gave a white so lid  (2 ,5 ^ g ,) which from g . l . c .  
examination (2^ KP&S and 3^ APL, 223°) appeared to  he a 
s in g le  compound. C ry sta llisa tio n  from light«petroleum  
(h .p , 60-80°) afforded 2-hromo-1 ^ 4 -d i-t-h u ty l«3 ,8 —dihydro- 
naphthalene-3,8-endoxid.e ( l .^ l g . ,  3*69 imnoles, 33*50; 
crude, 2f4*50), m,p. 149-51°* (Found; 0,64»2; H ,6.8; h r ,23*9* 
^18^23^^^ requires 0,64*5; H ,6,9; Br, 23*80).
W,m,r, spectrum; see Appendix,
I . r .  (N ujol): 1120 (O-O-C) and 730 om,“  ^ (o ls  OlfcCH).
No other id e n tif ia b le  product was is o la te d .
A sample of the endoxide was heated w ith potassium  
t-h u tox id e, furan, and dimethyl sulphoxide under conditions  
sim ilar to  those described ahove. The reaction  mixture was 
examined hy g . l . c ,  (20 NPGS, 223°) a fte r  26 h r .,  and v/as 
found to  contain most of the startin g  m aterial unchanged.
J 1 ,4-Dihydr onaphthal ene—1 ,4-endoxide
1 ,4-Bihydr onap hthal ene-1, 4-endoxide, prep are d hy 
Dr. J ,T . Sharp, was c r y s ta ll is e d  from petroleum and had 
m.p. 55-6° ( l i t . ,^5 5 5 -6 °).
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VII PREPARATION OF AGETTllàH'niNITROSAJ-OKBS
A cetylarylnitrosam inos were prepared by methods based
198on the experiments of Franoe, Heilbron and Hey, and îvhles 
and SusohitzlQT.^^^®' No attempt was made to  p u rify , or obtain  
elem ental an a lysis  o f , any of these unstable compounds.
Q^ t-But7/ l - N-n itro so a o eta n ilid e  A suspension of
o -t-b u ty la o eta n ilid e  ( l l , 8 g . ,  0.062 mole) in  a mixture of 
g la c ia l  a c e tic  acid  (376*), a c e tic  anliydride (3 8 g ,)  and 
pyridine (2 m l.) was s tirred  at 0° under anhydrous con d itions. 
N itrosy l ch loride (6 .8 g ., O.lOlf- m ole), as a 300 so lu tion  in  
a c e tic  anhydride, was added dropwise during 30 inin,, and 
st ir r in g  continued fo r  a further 2 hr* The so lu tio n  was 
poured in to  ag ita ted  iced  water (1 .6  1 . )  and the p rec ip ita ted  
yellow  so lid  was co lle c te d  on a f i l t e r ,  washed w ith ic e -c o ld  
water and 100 potassium hydrogen carbonate so lu tio n , and 
dried at the pump. A fter p ressin g  between sheets of f i l t e r  
paper, the so lid  was dried over phosphorus pentoxide and 
potassium hydroxide p e l le t s  a t0 .05  mm* fo r  2 hr. to  g ive  
o«t-b u ty l«N -n itrosoacetan ilid e ( l2 .1 g * , 0.055 mole, 900), 
m.p. 60° (deoomp.); lit» ,^ ^ ^  m.p. 62° (deoomp.) .
I . r .  (N ujol); 1740 cm.  ^ (0=0). No absorption at 3250 cm.
(N-H in  the amide).
N.m.r. (benzene) : 1 7-52 (Me) and 8 .94  (t«Bu).
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The fo llow in g  nitrosam ides wore prepared s im ila r ly .
In each oaso the i . r .  spectrum (Nujol) contained a 0=0 
absorption (1730-1725  om.*^ )^ a t a higher frequency than in  
the corresponding ana.de (1 6 90-1640  om."’^ ); and the absence
“jof an N-Ii absorption (3400-3000 cm.^ ) was an in d ica tio n  of 
the complete conversion o f the amide.
p-t-B u ty l-N -n itro so a ce ta n ilid e . « (860 Y ie ld ),
m.p. 40° (deoomp.); l i t . ,^ 5 3  57»5°(decomp.) .
One sample of th is  compound exploded a fte r  4 hr. 
at room temperature. 
o-t**Butyl-N«nitroso-2,2 ,2 -tr id eu ter io a ce ta n ilid e  
(940 Y ie ld ), m.p. 65° (deoomp,),
N.m.r. (benzene); T 8 .95  (t-Bu); no absorption at
7 . 5 2 .
p-t« B u ty l-N -n itro so -2 ,2 ,2 -tr id e u ter io a o e ta n ilid e . -  
(850 Y ie ld ), m.p. 45° (deoomp.),
N.m.r. (benzene); % 8.90(t«B u); no absorption at 7 -8 .
2 ,5 - P i- t - b u t y l - N - n it r o s p a c e t a n i l id e (960 Y ie ld ), 
m.p. 66- 8 ° (deoomp.).
4-A cetoxy-2, 5 - d i - t - b u t y l - N - n it r o s o a o e t a n i l id e (940 Y ield)  
m.p, 110° (deoomp.).
N - N i t r o s o a c e t a n i l i d e (730 Y ie ld ), m.p. 50° (decomp.);
l i t . ,^ ^ ^  m.p, 50° (docomp.). 
p-A cetoxy-N -n itrosoaoetan ilide. -  (650 Y ield) 
m.p. 74° (deoomp,).
T.
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o«Ghloro«>N-nitrosoao© tanllidG . -  (820 Y ie ld ),"V
m.p. 4 6 - (deoomp.); l i t . ,  m.p. 59° (deoomp.),^^^ 
46—7° (decomp"^.^^^
p -C h loro-N -n itrosoacetah iliâèv^  (880 Y ie ld ),
m.p. 71 ° (decomp, ); l i t . , .  77° (deoomp. )
■V
B Liquid A cetyla iy ln itrosam ines ^
The fo llow in g  compounds were yellow  o i l s ,  ano'^  were
prepared e s s e n t ia l ly  as above, except fo r  the methoA of
1/  ■
is o la t io n  which i s  described fo r  each reaction  of ea^h 
nitrosamido (Section  IX ). \ ‘
m -t-B utyl-N -nitro s o a o e ta n ilid e . -
I . r .  (CCI, , 0 .2  mra. igC l c e l l ) ;  1740 :(0=0).
No absorption a t 3330-3090 cm. (N-H in  the araide').
m -Chloro«N«nitrosoacetanilide » ' j
Diphenyl fo - (N-nitrosoacetam ido )phenyll "phosphine Ox^e . -
I . r .  (CCl,, 0 .2  mm. AgCl c e l l ) :  1740 om."^ (C=0).
—1An absorption o f sim ilar in te n s ity  at 1715 *
(G=0 in  the amide) in d ica ted  th at n itr o sa tio n  was 
not complete.
2 ,5-Pi'~t-butyl—1 ,3 -d i-  (N-nitrosoapetamido )benzene. -
3 .3  Moles of n itr o sy l ch loride per mole of diamide 
were used.
0 Special Methods
Diethyl  o—(N-Nitrosoacetamido)phenylpho3phonate. -  A 
mixture of d ie th y l o-aoetamidophenylphosphonate ( l.3 7 g * ,
1 2 1 .
5 .00  mmoles), fused  potassium acetate  (0 .7 4 g .) , phosphorus 
pentoxide (0 .07g*), a c e t ic  acid  (3-O g.) and a c e t ic  anhydride 
(3 * lg .)  was s t ir r ed  at 0° while n itr o sy l chloride (0.49s*>
7 .5 0  mmoles), as 300 so lu tio n  in  a c e t ic  anhydride, was 
dripped in  during I 5 min. The mixture was s t ir r ed  at 0° fo r  
a further 6 h r ., poured in to  iced  water (60 m]_.) ,  and the 
re su ltin g  o i l  extracted  w ith benzene ( I 5 , 3 x 5 m l.) .  The 
combined ex tracts wore washed w ith 100 potassium hydrogen 
carbonate so lu tio n  (20 m l.) and water (2 x I 5 m l.) , and dried  
by s t ir r in g  with magnesium sulphate fo r  20 min. and phosphorus 
pentoxide fo r  5 min. S o lid  m aterial was f i l t e r e d  o f f  and 
the f i l t r a t e  evaporated at room temperature under reduced pressure 
to  a brown o i l ,  which was pumped at 0 .1  mm. fo r  2 lir. to  y ie ld  
d ieth y l O;-(h-nitrosoaoetamido)phonylphosphonate ( l .4 2 g . ,
4*74 mmoles, 950)-
I . r ,  ( liq u id ):  1735 om.“  ^ (C=0). No absorption at 3310-3120 om.“^
(N~H in  the amide )•
1 ,4 -D i-t-■ b u ty l-2 ,5 -d i« (M -n itr o so a ce ta m id o )b en ze n e (a) A 
suspension of (h igh ly in so lu b le )  l,4 -d ia o e ta m id o -2 ,5 -d i-t-  
butylbenzene (3 . 60g . ,  0 .0 1 2  mole) in  a c e t ic  acid  and a c e t ic  
anhydride was trea ted  w ith  n itr o sy l chloride (3 -60g . ,  0 .0 5 5  
mole) as described fo r  the n itr o sa tio n  of £ -t« b u ty la c e ta n ilid e • 
A fter very e f f ic ie n t  s t ir r in g  at room temperature fo r  22 h r .,  
a yellow  powder (3 - l 6g . ) ,  m.p. 105° (decomp.) was obtained.
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The i . r .  speotrvun contained an absorption at 1750 am.  ^ (0=0), 
but also  bands of approciable in te n s ity  at 3290 and l 660 om."*^  
(N«H and 0=0 in  tho amide) in d ica tin g  that n itr o sa tio n  was 
only ca. 9C0  complete*
(b) 2 , 5-I^i‘^ 't-butyl-p-phenylenediamine (1 0 . 5g*, 0.048 mole) was 
s tirred  in  a dry f la s k  at 0° , and a cold mixture of a ce tic  
acid  (66g . ) ,  a c e t ic  anhydride ( l 05g*)> and pyridine ( l 6 m l.)  
added. Dropwise addition  of n itr o sy l chloride (1 2 .2 g .,
0.186 m ole), as a 300  so lu tion  in  aco tio  anhydride, was 
commenced immediately and completed w ithin  20 min. A fter  
s t ir r in g  fo r  2 .5  hr, the mixture was poured in to  ag ita ted  
iced  water (800 m l.) and tho p rec ip ita te  co lle c te d  on a f i l t e r ,  
v/ashed w ith water, pressed between sheets of f i l t e r  paper, 
and dried over phosphorus pentoxide at 0 .2  mm. fo r  4  hr.
The dry dinitrosam ide ( l6 .1 g . ,  0.04^-5 mole, 930) had m.p,
106° (decomp.); i t s  i . r ,  spectrum contained bands at 1755 
and 1740  ora.”'^  (0=0), but not a t 3290 or I 66O cm.~^ [  This 
spectrum was obtained under higher reso lu tion  than that in
(a) above]
V III MISOELXANEOUS REACTIONS 
A Preparation of p -P i—t«butylbenzone
A lkylation  of t-butylbenzene w ith fresh ly  prepared 
t -b u ty l chloride (b .p . 5 1 *5°) fo llow in g  the procedure of
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n c %Gadogan, Hey and W illiam s, gave jD-di-t-butylbenzene (560), 
m.p. 77-8° ( l i t . ,153 76-7°),
B Preparation of p -t-B utylb enzyl Chloride
This preparation, b a s ic a lly  the method of Klou\?en and 
Boelens,^^^ was carried  out under anhydrous con d ition s.
t-Butylbenzene (241g ., 1 .8 0  m oles) Vfas s t ir r e d  w ith  
powdered anhydrous zinc cliloride (26g.)and  paraformaldehyde 
(4 0 g .) .  A rapid stream of dry hydrogen chloride was passed  
through the mixture, which v;as slow ly heated to  60°. A fter  
8 hr. a furth er p ortion  (6g . )  of zinc chloride was added, 
tho temperature ra ised  to  80°, and heating continued fo r  a 
fu rth er 2 h r. Benzene (500 m l.) and water (300 m l.) were 
added to  the cooled m ixture, sodium sulphate was added to  
break the emulsion, and the la y ers  were separated. The organic 
p ortion  was washed w ith water (2 x 200 m l.) , 50  potassium  
hydrogen carbonate so lu tio n  (200  m l.)  and water (3 x  200 m l.) ,  
and dried  over calcium ch lo r id e . F raction al d i s t i l la t io n  
through a vacuum-jacketed Vigreux column y ie ld ed  p -t-b u ty lb enzy l 
olxLoride ( l 71g . ,  0 .9 4  mole, 5 ^ ) ,  b .p . 1 2 h ^ ° / lk .  nun.
N.m .r. (001, ): r  2 ,71 (s ,4H ), 5-53 (-OHg-) and 8 .70  (t-B u ).
G Preparation of N itro sy l Chloride
N itro sy l ch loride was prepared by the method of Morton
197and W ilcox, by allow ing an aqueous so lu tio n  of sodium
n i t r i t e  to  react w ith  hydrochloric a c id . The product was d isso lved
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in  a c e tic  anhydride to  give a 300  w/v so lu tio n  which was 
stored at - 10° .
D Preparation of Lithium Amalgam
Lithium was heated w ith mercury, as described by 
65W ittig  and Pohmer, in  a quartz v e s s e l  through vfhioh a stream
of dry helium was passed.
E Preparation o f ^Galvinoxyl”
4 ,4  * -Dihydroxy-3,3^ ,5 ,5*  -tetra-t-butyld iphenylm ethane
This compound ?;as prepared in  low y ie ld , fo llow in g  the
procedure of lüiarasoh and Joshi,^^^ from 2 , 6-d i-t-b u ty lp h en o l
and formaldehyde. The product, a f te r  c r y s ta ll is a t io n  from
ethanol, had m.p. 156- 7 ° ( l i t . ,  157°)*
"Galvinoxyl^-  The dihydroxy compound was ox id ised  w ith
lead  peroxide, and the product p u r ified , as described by
17B a r tle tt  and Funahashi. A fter or^ rsta llisation  from ethanol, 
deep blue "Galvinoxyl^ (6 2 0 ) , m.p. 153**4 °  ( l i t . ,^ ^  1 5 3 . 2- 3 *6 °)  
was obtained.
F Preparation o f Efchyl N itr ite  and Pentyl N itr ite
Alkyl n i t r i t e s  were prepared from the corresponding
199a lco h o ls , fo llow in g  the general procedure of Noyes.
Pentyl n i t r i t e  was d is t i l l e d ,b .p .  103-5°; eth y l n i t r i t e  
was v o la ta lis e d  in to  a cold trap; both compounds were dried  
over molecular s ie v e , stored  a t - 10° ,  and r e d is t i l l e d  
immediately before u se .
125.
G Réaction of o-Bromo-t-'butylbenzene with Sodamide
Liquid ammonia (50 m l.) was s t ir r ed  in  a f la s k  f i t t e d  
with an a ir-oo2Qdonser surrounded hy so lid  carbon d ioxide, 
and protected by a soda-lime guard tube. The f la s k  was 
iramersed in  a bath at -5 5 ° , and small p ieces o f sodium 
were added u n t i l  the a,mmonia acquired a permanent blue  
colour, A few small cry sta ls  o f hydrated fe r r ic  n itr a te  
were added, and tho colour was discharged. Sodium (0#92g.,
0 .0 4 0 g .atom) was introduced in  four p ieces at in te r v a ls  of 
5 min. When no blue colouration remained, o^bromo-t- 
butylbcnzene (2 .0 7 g ., 0.0097 mole) was run rap id ly  in to  the 
grey suspension, and vigorous s t ir r in g  continued fo r  1 .5  h r . 
Ammonium chloride (2 .6 8 g ., 0.050 mole) was cau tiou sly  added 
in  small portions and the system d ilu ted  w ith ether (50 m l.)  
and s tirred  u n t il  a l l  the a,mraonia had evaporated. Water 
(lOO m l.) was added, the la y ers were separated, the aqueous 
portion  was extracted  with ether (2 x 50 ml*), and the  
combined eth ereal ex tracts v/ere washed, and dried  over 
magnesium su lphate.
A sample of the yellow  so lu tio n  was examined by 
g . l . c .  (100 GAR, 159°) w ith naphthalene as in tern a l standard, 
and was found to  contain m -t-b u ty lan ilin e (27.5 moles/lOO 
moles ary l h a lid e ) . o« t-B u ty lan ilin e (0.58 mole/lOO moles 
ary l halide would have been detected) was absent, and' no 
sta rtin g  m aterial remained.
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IX REACTIONS OF AGETmURYLNITROSAMBIES 
A General Technique
A ll reaction s were s t ir r e d  under anhydrous conditions inw
an atmosphere of oxygen-free nitrogen fo r  12^ 1^6 h r. at room 
temperature, or as sta ted . To ensure complete decomposition 
of the nitrosam ide, the reaction  mixture was heated slow ly to  
the re flu x  temperature, and b o iled  fo r  1 hr. Measured 
fra ctio n s of the reaction  mixture were withdrawn fo r  
examination by g . l . c ,  or in  other ways. In general, 
stru ctu ra l assignments based s o le ly  on g . l . c .  reten tion  
times were the re su lt  of an a lysis  on at le a s t  two d ifferen t  
stationary  phases. In a l l  oases, the r e la tio n  of a peak 
in  the chromatogram to  a p a rticu la r  compound required that 
the peak be enhanced, r e la t iv e  to  other peaks, when authentic  
m aterial was added to  the reaction  mixture.
The y ie ld  o f a c e tic  acid  could be determined by g . l . c .  
(gar) using the D.6 instrum ent, or more accurately , by 
trea tin g  a (measured) sample of the reaction  mixture with  
an excess of sodium hydroxide so lu tio n , and b a ck -titra tin g  
the excess of a lk a li  aga in st standard hydrochloric acidy 
w ith phenolphthalein as in d ica to r .
The y ie ld s  o f decomposition products are quoted in  moles 
per 100 moles of nitrosam ide (or d in itrosam ide), i . e .  m/lOO m.
L iterature values of p hysica l constants quoted fo r  
authentic specimens prepared in  preceding sectio n s are not 
repeated in  th is  sec tio n .
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B Reactions of o - , m-, and p-O hloro-N -n itrosoacetan ilides  
1 • Reaction of o-O hloro-N -nitrosoacetanilide w ith  
Tetraphenylcyclopentadienone in  Benzene
The nitrosamide (7#01g#, 35*3 mmoles) was allowed to  
decompose in  a suspension of 2 ,3^ 4 ,5*«tetraphenyloyclopenta- 
dienone (l3 .5 g # , 35 .1  mmoles) in  benzene (8 1 .9 g ., 1 .03  moles) 
at 38° fo r  13 hr. and at the re flu x  temperature fo r  1 hr.
The cooled reaction  mixture was f i l t e r e d ,  the so lid  washed 
w ith benzene, and a portion  of the combined f i l t r a t e  and 
washings examined by g . l .c *  (iCÇ^  CAR, 198°; 20 NPGS, 130°; 
100 SIL, 70° and 200°) w ith biphenyl as in tern a l standard.
The fo llow ing products were detected: a ce tic  acid  (35m/lOOm), 
chlorobenzene (0*3), Oj~ohlorophenyl acetate (0*4)j 2-ohloro«  
biphenyl (28.4)^ 2-aoetoxybiphenyl (3*9) and £ -ch loroaoet­
a n ilid e  (6 . 0 ) .  2 "* and p-Ghlorophenyl aceta tes (0.02m/l00m
would have been d etected ) were absent.
The major part (33*3 mmoles nitrosam ide) of the 
f i l t r a t e  and a l l  the so lid  m aterial were chromatographed 
on alumina ( l2 3 0 g .) . E lution  w ith petroleum containing  
benzene (1-50) y ie ld ed  co lou rless 2-chlorobiphcnyl (crude, 
l*55g#, 8 .1 9  mmoles, 24*6m/l00m); m.p* 31-31*5°, mixed m.p. 
30-31*5°, a fte r  c r y s ta ll is a t io n  from petroleum at -40°*
The i . r .  spectrum was id e n tic a l to  that of the authentic  
material* Further fr a c t io n s , e lu ted  with so lven ts of
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s te a d ily  in creasin g  p o la r ity , were examined by t . l . c . ,  and
i . r .  and u .v . spectroscopy. No 3 -c h lo r o - l,2 ,3 ,4«totrapbenyl- 
naphthalene was d etected .
2 j 3 A ,5 ‘-T etraph en ylcyclop en tad ien one ( 8 .9 0 g . ,  2 3 .2  mmoles) 
was e lu te d  in  b en zen e.
^ p- Ohl or o- N- ni t r os oaoe t ani l i de  w ith  2 ,3 ,4 ,3 -  
T etraphenylcyolopG ntadienone in  Benzene .
£-G hloro-N -n itrosoacetan ilide (7#98g., 40 .2  mmoles) was 
allowed to  decompose in  a suspension of 2 ,3 ,4 ,3 -tetraph en yl- 
cyclopentadienone ( l5 .3 g # , 39*8 mmoles) in  benzene (93*6g.,
1 .2 0  moles)* The cooled reaction  mixture was f i l t e r e d ,  the 
s o lid  matter washed w ith benzene, and the bulk (36*2 mmoles 
nitrosam ide) of the f i l t r a t e  and washings, together with a l l  
the so lid , was chromatographed on alumina (600g . ) .  ELution 
w ith petroleum-benzene (3 :7) y ie ld ed  4-ohlorobiphenyl (crude,
0.358g*, 1 .9 0  mmoles, 5 *25m /l00m); m.p. and mixed m.p.
75-6° a fte r  c r y s ta ll is a t io n  from petroleum. The i . r .  
spectrum was in d istin g u ish a b le  from that of the authentic  
b ia r y l.
E lution  *with petroleun-benzene (2;8) gave a white so lid  
( 0 . 7295 , )  which v/as c r y s ta ll is e d  from a ce tic  acid  to  y ie ld  
6 -o h lo r o -l,2 ,3 ,4-tetraphenylnaphthalene (0,449g#, 0*96 mmole, 
2.7m/ÏOOm), m.p. 2 2 9 -9 .5 ° . (Found: 0 ,87 .25; H ,5 .05 .
034^23^  ^ requires 0,87*4; H,3*O0).
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N.m.r, spectrum; see Appendix,
X max. ^ hoxane: 226(4.60), 242 (4 . 7 2 ) , 2 4 7 (4 .77 ),
2 5 1 (4 . 7 3 ) ,  2 5 7 (4 . 6 0 ) ,  278sh(4.24) 
and 297.5m^ (4 . I I ) .
I . r .  (u u jo l); 1603 , 742 and 700 ora. ’Weaker bands include 894 
and 877 ora."^
2 ,3 ,4 ,5*^etraphenylcyclopentadienone (8,64g*, 22 .3  mmoles) 
was elu ted  in  benzene.
A sample of the f i l t e r e d  reaction  mixture was examined 
by g .1 . 0 . {Zfo NPGS, 105° and 1 9 5 °). The y ie ld s  of the  
products detected  were estim ated by assuming the y ie ld  of 
2i--ohlorobiphenyl to  be that in  which i t  was is o la te d , and 
using th is  as an in tern a l standard: p-chlorophenyl acetate
(0.9m/l00m), 4«acetoxybiphenyl (0 ,6 )  and £-ch3.oroao e t  a n ilid e  
( 0 . 8 ) ,  £ -  and i£-Ghlorophonyl a ce ta tes  (0*03m/l00iu would,
have been detected) were absent.
3* Reaction o f m -C hloro-N -nitrosoaoetanilide w ith 2 ,3 ,4 ,5 -  
Tetraphenyloyclopentadionone in  Benzene
m -G liloroacetanilide (6.7836», 4 0 .0  mmoles) was n itrosa ted  
and the yellow  o i l  which separated vdien the reaction  mixture 
was poured in to  iced  water (700 m l.) was extracted w ith  
benzene (90, 20 m l.) .  The combined ex tracts were washed 
w ith 30 sodium carbonate so lu tion  (lOO m l.) and water 
(200 m l,) and dried over calcium chloride fo r  20 m in,, the
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temperature being kept below 5°* The so lid  m aterial was 
f i l t e r e d  o ff  and v/ashod with benzene, and the f i l t r a t e ,  
containing the nitrosamide (assumed 40 .0  mmoles) in  benzene 
(140  m l.) was s t ir r e d  w ith 2,3,4,3-tetraphenyloyolopenta-*  
dicnone (15*35., 39*9 mmoles). When tho reaction  was 
complete, the mixture was f i l t e r e d ,  the so lid  matter washed 
w ith benzene, and the bulk (34*8 mmoles nitrosam ide) of 
the f i l t r a t e ,  together with a l l  the so lid , was chromatographed 
on alumina (5 8 0 g .). E lution w ith petroloum-benzene (3:2 )  
gave co lou rless 3~ciilorobiphenyl (crude, 0 .182g ., 0*97 
mmole, 2.8m/l00m), id e n t if ie d  by comparison of i t s  
re fra ctiv e  index and i . r .  spectrum with those of an 
authentic specimen.
E lution with petroleum-benzene (2:3) gave an o i ly
w h ite  s o l id  which was washed w ith  v ery  l i t t l e  c o ld  petroleum
t o  y i e l d  a powder (3 * 0 3 g .) ,  m .p. 2 4 0 -5 5 ° . The i . r .  spectrum
was id e n t ic a l  to  th a t  o f  a u th e n tic  5 - o h lo r o « l ,2 ,3 ,4 - t e t r a -
phenylnaphtholsne (m .p. 2 5 6 .5 - 7 .5 ° )  and was d is t in g u is h e d
from that of the 6 -c h lo r o - l,2 ,3 ,4 - tetraphenylnaphthalene
from B.2 (m.p. 229-9*5°) by the absence of bands at 894,
—1877 and 742 cm. The n .m .r . spectrum  was id e n t ic a l  to  
th a t  o f th e  5 -o h lo ro  compound. From a c e t ic  a c id  th e  powder 
gave c r y s t a ls  o f  5 -c h lo r o - l ,2 ,3 ,4 -te tr a p h G n y ln a p h th a le n e  
( 2 . 27g * , 4.86  mmoles, 14*On^l00m; crude, 18.8m 01O (^),
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m*p. and mixed m.p. 253- 6 *3° , Other fra ctio n s wore examined 
by t . l . c .  and found to  contain n eith er 5 - nor 6 -ch loro-
1 ,2 ,3 ,4-tetraphenÿlnaphthalene (which were not re so lv ed ).
The y ie ld  of tho 6-ch loro compound was, th erefore , not 
greater than 4.8m/l00m; the i* r .  spectrum of tho crude 
adduot suggested a y ie ld  of le s s  than l.Om/iOOm,
2 ,3 ,4 ,5 -1 otraphenylcyclopentadienone (lO «4g., 27*0 
mmoles) was elu ted  in  benzene*
A sample of the f i l t e r e d  reaction  mixture was examined 
by g . l . c ,  (20 NPGS, 103° and 195°), and the y ie ld s  of the 
fo llow in g products wero computed by assuming the y ie ld  
of 3-ohlorobiphenyl to  be that in  which i t  was iso la te d :  
2 ~ohlorophonyl acetate (0,3m/l00m), 3-acetoxybiphenyl (O .l)  
and m -ohloroaoetanilido (7 .8 ) .  £ -  and p-Ohlorophenyl
aceta tes (0.03m/l00m would have been detected ) were 
absent.
4 » Reaction of o-G hloro-N -nitrosoacetanilide w ith Phenyl 
Azide in  Benzene
o-O hloro-N -nitrosoaoetanilido (2 .7 1 g ., 13.6  mmoles) was 
allowed to  décomposé in  benzene (3 1 .8 g ., 0.408 mole) 
containing phenyl azide (2 .2 |4g., 20 .4  mmoles) at 40° 
fo r  16 hr. and at tho re flu x  temperature fo r  1 hr. A 
sample of the re su ltin g  so lu tio n , examined by g . l . c ,
(100 GAR, 193°; 30 APL, 180°) w ith biphenyl as in tern a l
1 5 2 ,
standard was found to  contain; 2-ohloro‘biphenyl (35#% /
100m) and £ -ch lo r  oaoetan ilid e (2 4 . 1 ) .  £*Chl or op henyl 
aceta te  (0.2m/l00iu would have been d etected) and 2-acetoxy- 
biphenyl (0 ,3 ) were absent.
Examination of tho reaction  mixture by t . l . c .  on 
alumina did not revea l a component having an value equal 
to  that of the product from the reaction  of phenyl azide  
w ith 3-ohlorobenzyne. G .l .c .  examination (10 APL, 230°) 
confirmed the absence of the aryne adduot (0.05m/l00in 
would have been d etec ted ).
The i . r .  spectrum of the nitrosamide u sed .in  th is  
experiment contained no absorption at 3240 om.""^  (N-H in  
£ -ch lo ro a c e ta n ilid e ) .
0 Reactions of N -N itrosoacetan ilide
1 .  Reaction w ith Phenyl Azide in  Benzene
N -N itrosoacetan ilide (4 # l lg . ,  25 .0  mmoles) was allowed 
to  decompose in  benzene (58.5g», 0*73 mole) containing phenyl 
azide (4.45g*, 37*5 mmoles) at 40° for 16 hr. and at the  
r e flu x  temperature fo r  1 hr* A portion  of the brown so lu tion  
was examined by g . l . c .  (100 CAR, 180°; 30 AED^  160° and 220°) 
w ith bibenzyl as in tern a l standard, and was found to  contain  
biphenyl (31.7m/L00m). Phenyl acetate (0.2m/l00m would have 
been d etected ), a o eta n ilid e  (l.O ) and 1-phenylbenzotriazole
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(0 .3 )  were absent.
The bulk (25.0 mmoles nitrosam ide) of the reaction  
mixture was chromatographed on aluiïdna (42Og. )» E lution  
with petroleum-benzene ( lO :l)  gave biphenyl (crude 1 .2 3 g .,
7 .9 6  mmoles, 34.6m/LOOm), m.p. and mixed m.p. 68—9° a fte r  
c r y s ta ll is a t io n  from methanol.
E lution  w ith petroleum-benzene ( 5 ; l )  afforded a co lou rless  
so lid  ( 0 . 133s* ) which was c r y s ta llis e d  from chloroform at 
-40° to  y ie ld  p-terphenyl (0 .0 1 6 g ,, 0 .07 mmole, 0.3m/l00ia; 
crude, 2.9iiV^100m), m.p. 212-3°, mixed m.p, 213-4°* The i . r .  
spectrum was in d istin g u ish a b le  from that of the authentic  
m ateria l.
N.m.r. (GDGI^); X 2 . 23- 2 .7 9  (complex, w ith a s in g le t  a t 2 .3 2 ) .
No further appreciable fra ctio n s were obtained u n t i l  the 
column was e lu ted  w ith methanol, when brown ta rs  r e su lted .
2 . Reaction w ith Furan in  Benzene
N -N itrosoaoetanilide (8 .0 1 g ., 48 .9  mmoles) was allowed  
to  decompose in  a so lu tio n  o f furan (6 .8 g ., 0-10 mole) in  
benzene (4 6 . 8g . ,  O.6 O m ole). A sample of the reaction  
mixture was examined by g . l . c .  (100 GAR, 180°; 100 SIL,
I 170°; 30 API», 130° )  with bibonzyl as in tern a l standard,
and was found to  contain phenyl acetate (l.Om/lOOm), 
2-phenylfuran (22 .6 ) and biphenyl (I6 . 9 ) .  l,4ADihydro- 
naphthalone- 1 ,4^endoxido ( 0 . 15m/ÎL00m would have been
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d etected ) was absent.
The y ie ld  of a co tic  acid  (79.6m/lOaTi) was deterirdnod 
by t i t r a t io n .
Reaction w ith 2 ,3-Dimethylfuran in  Benzene 
N «N itrosoaoetanilide (4.97g*, 30 .3  mmoles) was allowed to  
decompose in  a so lu tio n  of 2 ,3-dim ethylfuran (5 .7 6 g ., 60.0  
mmoles) in  benzene (28 .I g . ,  0.36 m ole). A sample of the 
brown so lu tion  was examined by g . l . c .  (20 NPGS, 103°;
80 BPS, 160°) w ith  b ibenzyl as in tern a l standard and was 
found to  contain biphenyl (7.4D/l00m) and an u n id en tified  
component (pa. 4*5 % weight of biphenyl) w ith a re ten tio n  
time on NPGS of 0.71 r e la t iv e  to  b iphenyl. Phenyl acetate  
(0.2m/l00m would have been d etected ) and 1 ,4-d im eth yl-1 ,4 -  
dihydronaphtha.1 ene-1,4-ondoxide ( 0 , l )  were absent.
D is t i l la t io n  of the bulk (25 .8  mmoles nitrosam ide) of 
the reaction  mixture afforded a yellow  o i l  ( l .5 0 g .) ,  b .p . 
8 2 -4 ° /2 .2  mm. Preparative g . l . c ,  (15 f t .  x  0.375 in ,o .d .  
g la ss  column containing 200 APB on c e l i t e  at 215°) afforded  
samples of biphenyl, m.p. and mixed m.p. 68-9°; and 2-benzyl-
5-methylfuran, a pale yellow  liq u id , b .p . 130° (block tem p .)/ 
12 mm. (Found; 0 ,8 3 .4 ; H,7-0* ^X2%2^ requires 0,83*7;
H 7^.O0).
N.m.r. (GCl^): T 2 .87  (s,5H ,Ph), 4*29 (s,2H,H^ and H^),
6 .18 ( s , 2H,methylone) and 7*79(Me). A ll
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four s in g le ts  appeared very s l ig h t ly  
hroadenod whon expanded*
I . r .  ( liq iiid ):  1570, 1495, 1455, 1220, 1020, 780 and 715 om.“^
The y ie ld  of R-benzyl-^-mothylfuran (29,4Ki/l00m) was 
computed from the q uan titative g . l . c ,  measurements.
In a control experiment a c e tic  acid  (2 .3  mmoles) was 
added to  a solution o f 1 , 4 -d im eth y l-l, Zj^dihydronaphthalene-
1 , 4 -ondoxide (0 .3  mmole) and biphenyl (0 .3  miaole) in  
bonzene (30 mmoles). G .l .c .  examination (20 NPGS, 103°) 
showed that the ra tio  of endoxide to  biphenyl was unchanged 
by the addition  o f a c e tic  a c id . The mixture was then b o iled  
under re flu x  fo r  2 .3  hr. a f te r  which time only a small 
reduction (2-30) in  the amount of endoxide was d etected .
D Reactions of o -t-B u ty l-N -n itrosoacetan ilid e
1 . Decomposition in  Benzene
(a) The nitrosamido (0 .9 8 6 g ., 4 .48 mmoles) decomposed 
rap id ly  in  benzene (7 . 02g . ,  0 .0 9 0  mole) g iv ing a dark 
red-brown so lu tio n , wiiioh was examined by g . l . c .  (Table 1 , 
p. 141) w ith f lu o r ene as in tern a l standard.
The y ie ld  of a c e tic  acid  (38m/i00m) was determined by 
t i t r a t io n ,
(b) O yt-B utyl-N -n itrosoacetanilide (2.396», 11.8 mmoles) 
was allowed to  decompose in  benzene ( l 7 . 6g . ,  0 .236  m ole).
The bulk (11 .0  mmoles nitrosam ide ) of the reaction
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mixture was washed with 100 sodium hydrogen carbonate so lu tion  
(13 m l.) and water, dried over magnosium sulphate, and f i l t e r e d ,  
Deoalin (5*0g.) and jg-xylene (0 .4 3 g .)  were added to  the 
f i l t r a t e  which was then d i s t i l l e d  through the spinning-band 
column to  g ive f iv e  co lo u r less liq u id  fra ctio n s : ( i )  l^ .O g ., 
■b.p. 79-80.5°, (11) 0.398g., b .p . 81-110°A23 mm.,
( i l l )  0.387g., b .p . 110-120°A23 mm., (iv ) 0.752g., b .p .
120-24°A 23 mm., and (v) 0 .6 0 3 g ., b .p . 124-26°A 23 mm. 
Examination of the fra ctio n s by g . l . c .  {ZOfo 4PL, 210°) 
in d icated  that only ( i i )  and ( i i i )  contained a major 
component w ith a re ten tion  time equal to  that o f t -b u ty l-  
benzene. Preparative g . l .c »  (20 f t .  x 0.375 in .o .d »  g la ss  
column containing 200 APB on o o l i t e ,  159°) of these two 
fra ctio n s y ie ld ed  t-butylbenzene (0 .1 2 1 g ., 0.903 mmole, 
8.2m/l00m), id e n t if ie d  by comparison of i t s  i . r .  and n .m .r. 
spectra with those of an authentic specimen. The m aterial 
iso la te d  in  th is  v/ay had a p u rity  of at le a s t  99*90 ( g . l . c . ) .
2. Decomposition in  Benzene—d^
o-t-B utyl-N —n itro so a o eta n ilid e  ( l .9 0 g . ,  8 .62  mmoles) 
was allowed to  decompose in  b en zen e-^  (lif*2g ., 0# l69 m ole).
The bulk (8 .41;- mmoles nitrosamide ) of the reaction  mixture 
was s tirred  w ith  anhydrous sodium carbonate (0,53g*) fo r  
8 hr», and f i l t e r e d ,  D ecalin  (5 m l.)  and p-xylene (0 .3g#) 
were added to  the f i l t r a t e  which was fr a c t io n a lly  d i s t i l l e d  
as in  the previous experiment. Preparative g . l . c .  of the
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appropriate fra c tio n s  y ie ld ed  t-butylbenzene (0 ,118g .; 
assuming M = 134, 0.881 mmole, 10.4m/l00m).
Mass spectrum: ca lcu la ted  from m/e 134, 135 e tc .
° l o V  = 95 .40 , = 4-.g!?,
\ o \ z ^ 2  =
Calculated from m/e 119, 120 e t c .
1^0%  =: 9 5 . 20 , = 4*80.
The i .r »  and n .m .r. spectra were in d istin gu ish ab le  from those  
of authentic t-butylbenzene (^qo^4 *^
3* Reaction with 2 ,3 ,4 ,5-Tetraphenylcyclopentadienone in  
Benzene
£-t-B u ty l-N -n itro so a ceta n ilid e  (5.47g#, 24,9 mmoles) 
was allowed to  decompose in  a suspension of 2 , 3 , 4 , 3- t e t ra­
phe nylcyolopentadienone (1 2 , 7g . ,  3 2 .9  mmoles) in  benzene 
(3 9 .Og,, 0 .5 0 0  m ole). The cooled reaction  mixture was 
f i l t e r e d ,  the so lid  m aterial washed with benzene, and 
samples of the combined f i l t r a t e  and washings examined by
g . l . c ,  (Table 1 , p . I4]) w ith  fluorene as in tern a l standard. 
The y ie ld  of a c e t ic  acid  (52.5m/l00m) was determined 
by t i t r a t io n .
The major p a r t  (21.6 mmoles nitrosam ide) of the f i l t r a t e  
and a l l  the so lid  matter c o lle c te d  by f i l t r a t io n  were 
combined and chromatographed on alumina (lOOOg.). ELution
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w ith  petroleum-henzene (5 :1 ) gave an o ily  s o lid  (0 . l 68g .)  which, 
from ethanol at - 4 0 ° , afforded co lou rless cry sta ls  o f
2-t-h u ty lh ip h en yl (0 .0 8 0 g ,, 0 .3 8  mmole, l , 8m /l00m; crude, 
3*7ni/l00m), m.p, and mixed m.p. 36-7°» The i . r ,  spectrum 
was id e n tic a l to  that o f the authentic h ia r y l.
E lution w ith  petroleum-henzene ( l : l )  gave a brown so lid  
(3 . 6l g . )  which v/as c r y s ta llis e d  from petroleum and from a ce tic  
acid  to  y ie ld  co lo u r less  5"^t~butyl-l,2 , 3 , 4 -te trap h en y l-  
naphthalene (3#005g., 6 .2 5  mmoles, 28,9m/LOOm; crude, 3 4 . 2i i / l 00m), 
m.p. 162-3 , (Found; 0,93*4; H,6 . 6 . ^G^^ires 0,93*4;
H ,6 .60 ).
N.m.r. spectrum: see Appendix,
X ^g^^(logC ) in  petroleum: 247(4*59), 252(4 , 6 1 ) , 254*5(4*59),
276sh (4 .23 ) and 320 w'^(4.05)*
2 ,3 ,4 ,5-Tetraphenylcyclopentadienone (7*776*, 2 0 .2  mmoles) 
was eluted  in  benzene.
4" Reaction w ith Furan in  Benzene
o-t-Butyl-N -nitx^osoaoetanilide (6 .39s* , 29.05 mmoles) 
was allov/ed to  decompose in  a so lu tio n  of furan (3 *95g*,
5 8 .0  mmoles) in  benzene (4 5 . 3g . ,  0 .5 8 0  m ole), and a sample 
of the orange reaction  mixture was examined by g . l . c .
(Table 1 , p ,I 4 1 ) w ith  fluorene as in tern a l standard.
The y ie ld  of a c e tic  acid  (5 6 . 5:^ /^l00m) was determined by 
t i t r a t io n .
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The huile (24*15 mmoles nitrosam ide) of the reaction  
mixture was d i s t i l l e d  to  g ive: ( i )  a liq u id , h .p . 32-82°,
( i i )  a liq u id  (0 .057g*), h .p . 25-40°/21 mm., ( i i i )  a liq u id  
(0 .4 3 6 g .) , h.p* 46 -52°/0 .05  mm., ( iv )  a pale green liq u id
( l . l 4 0 g . ) ,  h .p . 4 9 -5 4 °/0 .0 4  mm., (v) a pale green liq u id
(1.4756*), h .p . 54“-58°/0 .04  mm., (v i)  a pale green liq u id
(0 .2 4 8 g .) , h .p . 58-9°/0*04 mm., ( v i i )  a red o i l  (0 . 532g . ) ,
h .p . 59-110°/0 .04  mm., and ( v i i i )  a brown residue (0.699g*)»
A fter examination o f a l l  the fra c tio n s  by g . l . c .  (20 NPGS,
1 4 0 °), fra ctio n s  ( v ) - ( v i i )  were combine d and c r y s ta llis e d  
from petroleum at -60° to  y ie ld  5 -.t-b u ty l-1 , 4-dihydronaphthalone- 
l,4~endoxide (0.6576*, 3*285 mmoles, 13*7m/l00m), m.p. 56-7°* 
(Found: 0,83*8; H,8.5* requires 0,84*0; H ,8 .1 0 ).
N.m.r. spectrum: see Appendix*
I . r .  (m elt): 1395 and 1365 (t-B u); 1125 (C-O-G); and
715 om.“  ^ (o is  CH=CH).
The c r y s ta ,ll isatio n  m other-liquors were combined with  
fra c tio n  ( iv )  and r e d is t i l le d  to  give four co lo u r less  liq u id  
fra c tio n s: ( ix )  0.074g*, b .p . to  123° / l 8 mm., (x) 0*626g., 
b .p . 123-6°/18 mm., (x i)  0.6696*, h .p . 126°/l8mm., and 
( x i i )  0.5976*, b .p . 126-38°/18 mm. Fraction (x i)  was 
id e n t if ie d  as o - t—butylphenyl aceta te  by comparison of i t s  
re fra c tiv e  index and i . r ,  spectrum with those of the 
authentic e s te r .  G .l .c .  examination (20 NPGS, 140°)
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in d icated  th at fra c tio n s  ( x ) - ( x i i )  consisted  o f oa. 900 of 
the acetate (ca, 1 . 70g , ,  8.86 mmoles, 36.8m/l00m),
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TABLE 1
Reactions of o«t—B u ty l-N -n itrosoacetan ilid e
Product Y ield  (m/lOOm of nitrosam ido) by g . l . c
Reaction D .l(a ) D.3 D.4
t-Butylbenzene 10.2 3 .2 3 .5
o-t-Butylphonyl acetate 37.8 50.5 3 6 .9
m-t-Butylpihenyl aceta te 1 7 .4 < 1.0 (0 ,8
Biphenyl 3 .9 0 .2 0 .9
2-t-B utylbiphonyl 2 ,3 2.6 3 .0
o -t-B u ty lace ta n ilid e 0,3 0 .7 1 .9
5-t-B utyl-X ,4-d ihydr onaphthalene-1, 4-endoxide - 2 0 .5
5 - and 4-t-*Butylbiphenyls (0.5m/Ï00m would have been 
d etected ), £ -t-b u ty lp h en yl acetate (l.O ) and £ - ,  m-, and £ - t -  
butylphenols (0 .7 )  were absent»
Q uantitative measurements were made on 20 CAR, 148°; and 
fo r  t-butylbenzene on ICÇ? HBGA, 156° .  The id e n t i t ie s  of products 
were confirmed on 30 APL, 175°* o - , m-, and £-t-B utylphenyl
aceta te  each gave the same response to  a fla m e-io n isa tio n  
detector; th e ir  r a t io  v/as determined on 20 HPGS, 100° and 
confirmed on CAR ca p illa ry , 160°.
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B Beaotions of p->t«>But.yl»<N^nitrosoao©tanilxcle
1 . Decomposition in  Benzene
The nitresam ide (5*59g#^ 25#4 mmoles) decomposed rap id ly  
in  benzene (3 9 .Og,, 0 ,500 m ole), A sample of the reaction  
mixture was examined by g . l . o ,  (Table 2, p, 151  ) w ith  bibenzyl 
as in tern a l standard.
The y ie ld  of a c e t ic  acid  (85*5^Vi00m) was determined by 
t i t r a t io n .
The major part (21,93 mmoles nitrosam ide) of the reaction  
mixture was d i s t i l l e d  to  g ive; ( i )  a co lou rless l iq u id  b ,p , 
79-81°? ( i i )  a yellow  o i l  which s o l id if ie d  (2 . 00g » ), b»p, 
114- 6 ^ /0 ,0 5  ram,, ( i i i )  an orange sublimate (0 ,7 2 0 g ,) , bath 
temp, to  200V o . 05 mm,, and ( iv )  a b lack residue ( l ,2 5 g .)»  
Fraction ( i i ) ,  c r y s ta ll is e d  from ethanol at #»20°, y ie ld ed  
co lou r less 4-t~butylb iphenyl ( l .5 0 g , ,  7 .14  mmoles, 32.6m/lOQra), 
m.p. 51.5-52° ( l i t . ,^53 5 2 , 2° ) .
N.m.r. (GGl^): T  2 ,3 4 -2 ,8 6  (complex, 9H) and 8 ,67  (t-B u ),
C rysta llised  from eth er, fra c tio n  ( i i i )  afforded £ -t-b u ty l-  
a o eta n ilid e  (0 ,1 4 0 g ,, 0 ,73 mmole, 3.3m/l00m), m,p, and mixed 
m.p, 172-3°. The i . r ,  spectrum was id e n tic a l to  th at of the  
authentic amide,
2 , Decomposition in  Benzene-d^
£ -t-B u ty l-N -n itro so a o eta n ilid e(2 ,6 9 g * , 12 ,2  mmoles) v/as 
allowed to  decompose in  benzene-d  ^ (2 0 .Og,, 0,238 m ole), and a
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portion  (11,9 mmoles n itro  samide) of the reaction  mixture 
was worked-up as in  experiment D,2 to  give t-hutylbenzene  
(0 . 0771g .;  assuming M « 134? 0.573 mmole, 4#8m/l00m),
Mass spectrum; cedoulated from m/e 134, 135 e t c .
1^0%2^2 0.3/ .
Calculated from m/e I I 9,  120, e tc .
GiqEj_4 = 6 8 . 2/ ,  3 1 , 8/ .
N.m.r, (CGl^); some s im p lif ica tio n  of absorption at
2 , 53- 3 .0 5  r e la t iv e  to
I . r .  ( liq u id ):  bands at 2270, 2250 (very weak), 1410 (week)
—1and 850  cm.* (medium) not present in  
spectrum of .
3 . Reaction with 2 ,3 ,4?  5-Tetraphenylcyclopentadienone in
Benzene
(a) p -t-B u ty l-N -n itrosoaoetan ilid e  (5.79g.? 26,3 mmoles) 
was allowed to  decompose in  a suspension of 2 ,3 ? 4 ? 5 -te tra -  
phenyloyolopentadienone (l2 ,7 g .?  33 .0  mmoles) in  benzene 
(3 9 . Og., 0 .5 0 0  m ole). The cooled reaction  mixture was 
f i l t e r e d ,  the s o lid  m aterial washed with benzene, and a 
sample of the combined f i l t r a t e  and washings was examined 
by g . l . o .  (Table 2, p .l5 1  ) w ith bibenzyl as in tern a l  
standard.
The y ie ld  of a c e t ic  acid  (73.3m/l00m) was determined 
by t i t r a t io n .
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D is t i l la t io n  of the bulk (22.8  mmoles n itro  samide) of the 
f i l t e r e d  reaction  mixture gave a sample of p -t-butylphenyl 
acetate (0 .0 3 0 g ., O.I56 mmole, 0.7n/l00m ), bath temp, to  
200V l6  mm., id e n tic a l (re fra c tiv e  index and i . r ,  spectrum) 
w ith the authentic e s te r .
(b) The product from a sim ilar  reaction  of the n itro  samide 
(5 .8 4 g ., 2 6 .5  mmoles) with 2 , 3 ?4 , 5-tetraphenylcyolopenta- 
dienone (1 2 . 7g . ,  3 3 .0  mmoles) in  benzene was chromâtographed 
on alumina (lOOOg.). B lution  w ith potroleum-benzene (9:1) 
gave a co lou rless so lid  (0 . 272g .)  wliioh was c r y s ta llis e d  from 
ethanol at - 20° to  y ie ld  4 -t-b u ty lb ip h en yl ( 0 . l 66g . ,  0 .7 9 1  mmole, 
3 . 0îi]/l00m; crude, 4 *9m /l00m), m.p. 50- 51°; mixed with the 
b ia ry l from B .l ,  m.p. 50-51°* The i . r .  spectrum was id e n tic a l  
to  that of 4 -t-b u ty lb iph en yl from E .l .
E lution w ith petroleum-benzene (3 :2) gave an o i ly  brown 
s o lid  which was washed w ith very l i t t l e  cold petroleum to  
afford  a white powder (1 . 56g . ) .  By c r y s ta ll is a t io n  from 
benzene-metlianol (5 :2 ) there was obtained 6 - t - b u t y l - l ,2 ,3 ,4 -  
tetraphenylnaphthalene ( l .3 8 g . ,  2 .83 mmoles, 10.7m/l00m; 
crude, 12.1n/l00m ), m.p. 2 8 5 .5 -6 .5 ° . (Found: 0 ,93 .35; H ,6 .? .
z'eqnires 0,93*4; H ,6 .6 /) .  The m.p. was not depressed  
by admixture of th is  product with 6 - t -b u ty l- l ,2 ,3 ? 4 - te tr a -  
phenylnaphthalene prepared from an authentic aryne source 
(see Section  V l) .
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N.m.r. spectrum: see Appendix.
\  (log C  ) in  petroleum; 22{1 (4 . 6 7 ) , 246(4 .69 ), 250(4.67) max.
255 (4 . 5 9 ) ,  260sh (4 .48), and
296 BAS( 4 .0 9 ) .
I . r .  (Ntijol): 1070 , 830, 750, 740 and 700 om."^ Weak bands
—1included 662 and 643 cm.
2,3,4,5-Tetraphenyloyclopentadienone (1 0 .3s* , 26.9 mmoles) 
was elu ted  in  benzene.
4 .  Reaction w ith  Furan in  Benzene
]D-t-Butyl-N-nitrosoao0ta n il id e  (6 » l6 g ., 28.0  mmoles) was 
allowed to  decompose in  a so lu tio n  of furan (3.81g*, 56*0 mmoles) 
in  benzene (43*6g., 0.560 m ole). Sanples o f the orange reaction  
mixture were examined by g . l . o .  (Table 2, p . 151 ) w ith biphenyl 
and bromobenzene as in tern a l standards. The major part 
( l8 .0  mmoles nitrosam ide) of the reaction  mixture was d i s t i l l e d  
to  g ive: ( i )  a co lo u r less l iq u id , b .p . 65-86°, ( i i )  a 
co lou rless l iq u id  (0 .0 2 0 g .),b a th  temp, to  100°/0 .04  mm., and 
( i i i )  a yellow  o i l  ( l .2 7 g . ) ,  b .p . 66 -88°/0 .04  mm. Fraction
( i i i )  vras seen by g . l . o .  examination (2 /  NPG-S, 135°) to  
contain two p rin cip a l components* Preparative g . l . o .
(7 f t*  X 0.375 in .o .d .  g la ss  column containing 1 0 / NPG-S 
on o o l i t e ,  200°) allovred is o la t io n  of samples of in -t-b u ty l- 
biphenyl, m.p. and mixed m.p. 50-51°? end 2 - (p -t-b u ty lp h en yl) -  
furan b .p . 5 6 °/0 .0 4  mm. (Poimd: 0,83-5? H,8*4- V l|^ 6 ^
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requires 0 , 8 4 . 0 ; H,8 . 0^ ) .
N.m.r. (GCl^): % 2 .54  (centre of W ), 2 .58 (dd, H ) ,
3 .45  (dd, H j), 3 .61 (dd, H ) and 8 .69  (t-B u ). 
Jj_jj^3.5, J2_gO«8 and J ^ g l .6  o . / s o c .
I . r .  ( liq u id ):  1395 and 1365 (t-B u); 1020, 1010, 800 and 
730 om."^
5 . Reaction with ’^G-alvinoxyl^ in  Benzene
£.«t-B utyl-N -n itrosoacetan ilide was allowecl to  decompose 
in  benzene (20m/mole of n itro  samide ) containing "G-alvinoxyl"
(0.188 and 0.045 m/mole of n itrosam ide). A control experiment, 
using part of the same sample of n itro  samide, was nm  under 
id e n tic a l con d itions, but in  the absence of ”G*alvinoxyl”.  
Portions of the reaction  mixtures were analysed by g . l . o .
(2 $  KPGS, 179°; 109? SIB, 81°) w ith phenanthrsno and curaene 
as in tern a l standards.
Re agent s (imuole s ) 
p -t -B u ty l-^ n itr o  soacG ta n ilid e  5*19 5*21 5*14
*^Galvinoxyl*  ^ 0.977 0.236 0*000
Products (m/lOOm of n itrosam ide) 
t-Butylbenzene 
p-t-B utylphenyl ace ta t  o 
4-t-B utylb iphenyl 
p -t-B u ty laoetan ilid o
1 .4 3*1 4*6
1*3 1 .6 1 .0
13*1 26.3 30 .4
10.1 9*7 10 .7
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6 . Ho-examination o f the Reaction of p -t-B utyl-N -nxtroso- 
aoetan ilid e  w ith 2,3?4?3-Tetraphenylcyolopentadionone in  
Benzene.
Authcntio speoiinens of 6 -t-h u ty l—1 ,2 ,3 ,4 —tetraphenylnaphthalene 
(XIX) and l-.(£ -t-'b u ty lp h en yl)-2,35  4-triphenylnaphthalene (XX) 
having been prepared, the decomposition of p -t-b u ty l-N -n itro so — 
a ce ta n ilid e  (3 .4 9 g ., 15*85 mmoles) in  benzene ( 2 3 0.300  
m ole), in  the presence of 2,.3?4,5—tetraphenylcyclopentadienone 
(7#15ë#, 18 .6  mmoles) was re-examined. A portion  (7»93 mmoles 
nitrosam ide) of the reaction  mixture was chromatographed on 
alumina (500g.)# E lution  w ith  petroleum containing an 
increasing proportion of benzene (0 -6 0 /)  allov/od 19 x 300 ml. 
fra ctio n s to  be co lle c te d  before 2,3?4? 5 -tetrap h en y lcyc le-  
pentadienone began to  be e lu ted . The authentic Isomeric 
adducts viTore not resolved  by t . l . c .  on alumina w ith  
petroleum-benzene (3 :2 ) , both having R^O.80. The chromatography 
fra c tio n s  were examined by t . l . c . ,  and those (13-17? t o ta l
0.1jB9g.) v/ith a component R^O.80 were combined. The i . r .  
spectra of the follov/ing so lu tion s in  carbon tetra ch lo r id e  
were obtained using 3 mm. s i lv e r  chloride c e l l s ;
1 . Adduot (XIX), 24,45
2. Adduot (XX), 22.1  g.lT^
3 . Adduot (XIX) + adduot (XX), 20 .4  + 3.68 g.lT^
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4 . Adduot (XIX) + adduot (XX), 23.3 + 1 .05  g-1*
5* Chromatography fra c tio n s 13-17? 24.45 g.lT^
A part of each of these spectra (67O-64O oin."" )^ i s
reproduced on the fo llo m n g  pages. Spectrum 5 of the
reaction  product was id e n tic a l to  spectrum 1 of adduct (XEX),
and could be d istin gu ish ed  from spectra 2-4 by the absence
—1of a band at ca , 655 cm.*" The crude adduot (l.OO mmole, 
12.6m/l00m) therefore con sisted  of l e s s  than 4 - 3 /  (0,55m/tL00m 
n itro  samide ) of 1 -  (pj-t-butylphenyl ) -2 ,3? 4 -tr ip  he nylnapht halene, 
Tho n.m .r. spectra of (XIX) and (XX) d iffered  in ­
s u f f ic ie n t ly  to  allow  d iscrim ination  between the spectrum 
of pure (XIX) and th at of a mixture of (XIX) and (XX) ( l 5 : l ) .  
No s h if t  of the resonance frequency of the t —b u ty l group 
in  e ith er  adduot was observed when the qp eotra were obtained 
in  deuteriochloroform  containing benzene.
Ci>ucJuOJ3<
cm
650670
149
Ï
Spectrum 1— Adduct ( XIX)
Spectrum 2 —Adduot (XX)
cm,
670V
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I .R . SPECTRA
Spectrvim 3
Adduot (XIX) 4* adduot (XX)
Spectrum 4
Adduo-t (XIX) + adduct (XX)
Spectrum 5 
R eaction  product
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T/iBLB 2
Reactions of p-t«~Butyl~N»-«nitrosoacetanllide
Product Tieia (a/lOOm
Reaction E .l
of nitrosam ide) by g . l . o .  
E .3(a) E.4
t —Butylbenzene 3.9 0.3 3 .8
p-t-B utylphenyl acetate 0 .5 8.7 0.3
Biphenyl 0 .4 ( 0 .2 0.1
A -t-Butylbiphenyl 3 6 . 4 4.8 18.6
p-t-B utylao e ta n ilid e 3.8 3 .7 8.7
2- (p-t-B utylphenyl ) f  uran — - 1 6 .6
and ra-t-Butylphenyl aceta tes (0.2m/l00m would have been 
d etected ), 2 - and 3‘-t*-'butyl’biphenyls (0 .2 )  and o - , ra-, and 
p -t-h u ty lp h en ols (0 .2 )  v/ere absent from a l l  reaction s;  
6~t^butyl*^l, if-dihydromphthalene—1 , 4-*^endoxide(0 .2 ) ,  2-phenyl— 
furan (0 .1  ) and 2 - (m^t-butylphenyl)furan (O .l) were absent 
from reaction
Q uantitative measurements were made on 10^ CAR, 133 s,nd 
2^ 1ÎPG-S, l6 8 °  [rea c tio n s E .l  and E.3 ( a ) l  ; or on 10^ CAR,
168° and 2^ CAR, 136° (reaction  E .if)| except t-butylbenzene  
Tfhich was estim ated on 10^ SIL, 120° [rea ctio n s E .l  and 
E.3 (a )]  or 100 CAR, 99° (reaction  E.4^ w ith bromobenzene 
as in tern a l standard).
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p Reactions of la -t-B u tyl-N -n itrosoacetan ilid e  
1* Decomposition in  Benzene
m -t-B utylaootanilide (3-73g.> 30.0  mmoles) was n itrosa ted  
and the reaction  mixture poured in to  iced  water (200 ml. ) .
The yellow  o i l  v/hich separated was extracted  w ith cold  
benzene (23 , 10, 3 m l.) and the combined ex tracts were 
washed w ith iced  water (2 x  23 m l.) , 30 potassium hydrogen 
carbonate so lu tion  (2 x 23 m l.) , and vfater (2 x  23 m l.) .
The benzene so lu tion  was s t ir r ed  ?/ith magnesium sulphate 
fo r  1 hr* and w ith phosphorus pent oxide fo r  3 min*, the  
temperature being kept below 3°# S o lid  matter was removed 
by f i l t r a t io n  and washed with benzene, and the f i l t r a t e  
and washings were combined to  give a so lu tion  of nw t-butyl- 
N -n itrosoaoetan ilid e (assumed 30 .0  mmoles) in  benzene (4 6 .8 g .,
0 .60 m ole), which was allowed to  r e a c t . A sample of the  
reaction  mixture v/as examined by g . l . c .  (Table 3 , p* 137 ) 
w ith  phenanthrene as in tern a l standard.
The bulk (27 .0  imnoles nitrosam ide) of the reaction  
mixture gave on d is t i l la t io n ;  ( i )  a liq u id , b .p . 79~121°,
( i i )  a liq u id  (0 . 2 2 7 g .), b .p . to  32°/0.03nim., ( i i i )  a 
co lou rless o i l  (0 .1 8 0 g .) , b .p . 32-<*70° / 0 .1  mm., ( iv )  a yellow  
o i l  (2 . 29g . ) ,  b .p . 78 -92°/0 .03  mm., and (v) a residue  
(2 ,2 0 g .) .  Fraction ( i i i )  was c r y s ta llis e d  from petroleum  
at -60° to  y ie ld  m-t«butylphenyl acetate  (0 .0 8 g ., 0.468
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mmole, 1.7m/l00m), m.p. and mixed m.p, 41-2°, The i . r .  
spectrum was id e n tic a l to  that of the authentic specimen.
Fraction ( iv )  was chromatographed on alumina ( l3 0 g .) .  
E lution  w ith  potroleum y ie ld ed  3 - t - ‘butylhiphenyl ( l . l l g . ,
5.29  im oles, 1 9 .6 E /l0 0 m ), b .p . 7 4 °/°-0 5  rm. ( l i t . d ^ h o 5 ° /
0 .4 .mm. ) .
N.m.r, (OGl^ )^; T 2 .3 3 -2 .8 3  (complex, 9H) and 8 ,64  (t-B u ). A
small absorption at 8 .48 ( s ,  ca . 0.3H) 
was a ttr ib u ted  to  an u n id en tified  im purity,
1 .r ,  ( liq u id ):  1390 and 1363 (t-B u ).
2 . Reaction w ith 2 ,3 4^^3-Tetraphonylcyolopentadienone in  
Benzene
A dry so lu tion  of m -t-b u ty l-N -n itrosoaoetan ilide  
(3 0 ,0  mmoles) in  benzene (4 6 . 8g*, 0 .60 mole) vms prepared as 
above and 2 ,3 ,4^ 3-tetraphenyloyclopentadienone (l3 * 4 g .,
4 0 .0  mmoles) added. The nitrosam ide was allowed to  decompose, 
the reaction  mixture f i l t e r e d ,  and the so lid  m aterial washed 
w ith  benzene. A portion  of the combined f i l t r a t e  and 
waslrlngs was examined by g . l . o .  (Table 3; p* 15?) w ith  
phenanthrene as in tern a l standard.
The major part (27.3 mmolos nitrosam ide) of the f i l t r a t e ,  
together w ith a l l  tho s o lid  ma-ttor, was chromatographed on 
alumina (Brocîenann a c t iv ity  = l ) .  E lution y/ith petroleum- 
benzene ( 3 : l )  gave 3-t-bu ty lb ip h en yl (0 .190g ,, 0.903 mmole.
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3»3n]/l00m), having an i . r ,  spectrum in d istin gu ish ab le  from
th at of the b ia ry l from the previous experiment.
E lution  with petroleum-benzene (4:3) gave a pale brown
o ily  so lid  ( l , 6 l g . )  which was s t ir r e d  with b o ilin g  petroleum
(13  m l,) . From the cooled suspension 6 - t - b u t y l- l ,2 ,3 ;4 -
tetraphenylnaphthalene (0 .8 3 6 g ., 1 .7 2  mmoles, 6.3m/lOG^)f
m.p. 286-7°? was f i l t e r e d  o f f .  The m.p. was unchanged when
th is  product was mixed with the adduct formed from p -t -b u ty l-
N—n itro so a ce ta n ilid e ; the i . r .  spectra were id e n t ic a l ,
C one entrât i  on of the petroleum mot her-liquor (to  8 m l,) ,
follow ed  by re fr ig er a tio n , afforded 3 - t -b u ty l- l , 2 , 3 , te tr a -
phenylnaphthaleno (0 *320g . ,  1 ,07  nmoles, 3,9m/lOQm), m.p, 
o164.3-3*5; mixed w ith  the adduot formed from p—t-b u ty l-K -  
n itro so a o eta n ilid e , (D .3), m.p. l6 l - 2 ° .  The i . r .  and n.m .r. 
spectra were id e n tic a l to  those of the adduct from D,3? and 
c lea r ly  d ifferen t from the i . r .  and n .m .r. spectra of 6 - t -  
b u ty l-1 ,2 ,3  ?4-tetraphenylnaphthalene.
The to ta l  y ie ld  of the two adducts (crude, 1 .6 lg . )  vfas 
12.1m/l00m.
2 ,3  ? 4 ? 5-T et raphe nyl cyol op e nt adi e none ( l2 .3 g . ,  32.2  mmoles) 
was elu ted  in  benzene.
3 . Reaction w ith Furan in  Benzene
Furan (4 .0 8 g ., 60 ,0  miTio3e s) -was added to a dry so lu tion  
of m -t-b u ty l-N -n itrosoacetan ilid e (30 ,0  mmoles) in  benzene
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(6 2 g ,, 0 ,79 mole) prepared as in  F , l ,  The nitrosamide was 
allowed to  decompose and portions of the reaction  mixture were 
examined hy g , l , c ,  (Table 5? p .15? ) w ith biphenyl and pj-bromo- 
toluene as in tern a l standards. Under the conditions employed, 
3-t-buty lb iph en yl and (authentic) 6 -t-b u ty l-l,4 -d ih y d r o -  
naphthalene-1,4-endoxide were only p a r t ia lly  reso lv ed . The 
separation on 100 PEOA, 140° was s u ff ic ie n t  to  allow  d etection  
of both components in  a mixture of the b ia ry l and the endoxide 
(23:1 by w eigh t). No endoxide was detected  in  the reaction  
mixture, T . l . c ,  on alumina confirmed the absence (0.6m/l00m  
would have been d etected ) of 6 - t - b u t y l - l , 4-dihydronaphthalene-
1,4-endoxide,
D is t i l la t io n  of the bulk (24 ,9  mmoles nitrosam ide) of the 
reaction  mixture gave: ( i )  a liq u id , b .p . 60-86°, ( i i )  a liq u id  
(3 .1 2 g .) , b .p . 38-57°/36 mm., ( i i i )  a liq u id  (0*382 g , ) ,  
b .p . to  4 8 ° /l5  mm,, ( iv )  a yellow  o i l  (l.8M i-g.), b .p ,
38- 76° / 0 , 04 mm,,and (v) a v iscous yellow  o i l  (l*37g*)>  
b ,p , 76 -84°/0 ,04  mm* Preparative g . l . c .  (7  f t ,  x  0,375 in .
o.d* g la ss  column containing 100 NPGS on c e l i t e  at 190°) of 
fra c tio n  ( iv )  y ie ld ed  three products:
3 -t-b u ty lb ip h en yl, id e n t if ie d  by comparison of i t s  i . r .  
spectrum w ith  that of the b ia ry l from E .l;
m -t-butylphenyl a ce ta te , id e n t if ie d  by i t s  m .p., mixed 
m .p., and i . r .  spectrum; and
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2-(m -t-bu ty lphen yl)f\xran, a co lou rless l iq u id  a fte r  
d is t i l la t io n ,  b .p , 90° (block tem p*)/0.8 mm* (Found: 0 ,83 ,3 ;
H ,8 ,06, requires 0,84*0; H,8,O50).
N.m.r, (CCI.): T 2 .27 -2 ,85  (complex, 4H), 2 .59  (dd, H ),5
3*43 (dd, H^), 3*61 (dd, H )^ and 8 ,6 4  (t-B u ),
*3? 0*^  ^0 ,9  and ^1,8 c , / s e c ,
I . r ,  ( liq u id ):  1390 and I 365 (t-B u ), IOI5 , 790, 775,
735, 700 and 685 om.*"^
Mass spectrum: Parent ion , m/e 200, requires M » 200,
M + 1/M = 16 ,180 , requires M + 1/M -
1 5 *4 2 0 *
M + 2/M =4 1 .6 4 0 . O^ ^^ B^ O^ requires M + 2/M = 1.310-
Metastable peaks at 171-2, 150 ,9 , 133.1 and
1 0 5 *7 .
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TABLE 3
Reactions of m -t-B utyl-N -n itrosoacetan ilide
Product Y ield  (m/lOOm of nitrosam ide) by g . l . c .
Reaction F .l F .2 F.3
t  “Butylbe nze ne 4.2 0 . 5 8 . 7
m-t-Buty3.phenyl acetate 7-9 1 7 . 2 9*0
Biphen^rl 0.3 0 .1 0.3
3 -t-B utylb iphenyl 1 9 . 4 4 .6 11 .2
m -t-Butylacet a n ilid e 1 4 .2 1 7 .1 1 3 .1
2 - (m -t-butyl)phenylfuran — — 7*0
0 - and p - t —Butylphenyl a ce ta tes  (O.Rr/lOOm would have been de-
to o te d ), 2 -  and 4 -t-b u ty lb ip h en y ls(0 .3 )  nnd o - , m-, and p y t-  
butylphenols (0 .4 )  were absent from a l l  reaction s; 5 - and
6-t-b u ty l-l,4 -d ih yd ron ap h th alen e-l,4 -en d oxid es (0 .4  and 0 .6 ) ,
2-phenylfuran (0 . 7 ) and 2—(p;-t-butylphenyl)furan (O .l)  were 
absent from reaction  F,3#
Q uantitative measurements were made on 20 OAR, 148° 
(reactions E .l  and F .2) or 100 OAR, l6 8 °  and 20 CAR, 156° 
( r e a c t io n ? .3 ) , except that t-butylbenzene was estim ated on 
100 SIL, 120° (reaction s E . l  and ? .2 )  or 100 APL, 106° 
(reaction  ?.3> w ith o-bromotoluene as in tern a l standard).
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G- Reactions o f o- and p -t-B u ty l-N -n itro so -2 ,2 ,2 -tr id eu te r io -  
a ce ta n ilid e s
1 . Decomposition in  Benzene
(a) o -t-B u ty l-N -n itro so -2 , 2 , 2 -tr id eu ter io a ce ta n ilid e  
(4 .33g.? 19-4 mmoles) was allowed to  decompose in  benzene 
(3 0 .2 g ., 0.388 m ole), and the bulk (16*35 mmoles nitrosam ide) 
of the reaction  mixture was worked up as in  experiment D .l  
to  g ive t-butylbenzene (0.207g.? assuming M « 134? 1 .55  mmo3e s , 
9.5m/lOOni).
Mass spectrum: ca lcu la ted  from m/e 134, 135 e t c . ,
(^ 10^4 ^ 1 0 ^  = 7.30, C^ ^^ a^ gD^  = 0*10*
C alculated from m/e 119, 120 e t c . ,
^ 1 0 ^  = ^lO^W " 7.20.
The i . r .  and n.m .r. spectra were id e n tic a l to  those of
(b ) p -t-B u ty l-N -n itro so -2 , 2 , 2 -tr id eu ter io a ce ta n ilid e  
(4 .1 1 g ., 18.45 mmoles) was allowed to  decompose in  benzene 
(2 8 .8 g ., 0 .369  m ole), and the bulk (l7*5 mmoles nitrosam ide) 
of the reaction  mixture was worked up as in  experiment D .l 
to  g ive t-butylbenzene (0 .108g .; assuming M =3 134, 0.809 mmoles, 
4.6m /l00m ).
Mass spectrum: oadculated from m/e 134, 135 e t c . ,
^7 . 90 , O^ QH^ D^ = 2 .10 , O^ QH^ gDg =: 0.00* 
Calculated from m/e I I 9 , 120 e t c . ,
= 97.4^, = 2.6‘/..
The i . r .  and n .m .r. spectra ivere id e n tic a l to  those o f
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H Reactions of 2 ,5 -P i-t-o u ty l-N -n itro so a ce ta n ilid e
1 . Decomposition in  Benzene
The nitrosamide (5 *00g . ,  18 ,1  mmoles) decomposed slow ly in  
benzene ( 7 0 , 2g , ,  0 ,9 0 1  mole) to  give a dark red so lu tio n , a 
sample of which was examined by g . l . o .  (Table 4 , p . I 6 4 ) w ith  
f lu o rene as in tern a l standard.
The bulk (14-9 mmoles nitrosam ide) of the reaction  mixture 
afforded on d is t i l la t io n ;  ( i )  a co lou r less liq u id , b .p , 78° ,
( i i )  a white sublimate (O.lOOg.), bath temp, to  1 0 0 ° /0 ,4  mm.,
( i i i )  a yelloviT o i l  which s o l id if ie d  (3 , l 6g , ) ,  b .p . 66- 70° / 0 ,0 5  mm., 
and ( iv )  a brown residue (0.537g-)* Fraction ( i i )  was £ - d i - t -  
butylbenzene (crude, 0 .5 2  mmole, 3 *5m /l00m), m.p. and mixed m.p. 
75- 6° a f te r  c r y s ta ll is a t io n  from methanol.
Fraction ( i i i ) ,  seen by g . l . c .  examination (lO0 SIL, 180°) 
to  contain one major component, was c r y s ta llis e d  from petroleum  
to  y ie ld  co lou rless 2 , 5-d i-t-b u ty lp h en y l acetate ( l . 05g*, 4#23 
mmoles, 28.5i'n/l00m; crude, 85m /l00m), m.p» 52- 3 ° , mixed m.p.
51- 2° .  (I'ound: 0 ,7 7 .4 ; H ,9 .7 . Colo, fo r  C g^Hg, Og-. 0 ,7 7 .4 ;
H,9.7%).
2 . Reaction w ith 2 ,3 ,4?  5-^eiraphenylcyclopentadienone in  Benzene
2 ,5 -D i-t-b u ty l-N -n itro so a ceta rd lid e  (5 . 62g», 20*4 mmoles) 
was allowed to  decompose in  a suspension of 2 , 3 , 4 , 5-tetraphenyl^  
oyclopentadienone (2 3 . 5g - , 6 1 .2  mmoles) in  benzene (7 9 -6g . ,
I .0 2  m oles). The cooled reaction  mixture was f i l t e r e d ,  the
l 6 0 .
s o lid  m aterial washed >/ith benzene, and a sample of the 
combined f i l t r a t e  and washings was examined by g . l . c .  (Table 4 , 
P* I 62J w ith fluorene as in tern a l standard.
The maj or part (18.8 mmoles nitrosam ide) of the f i l t r a t e  
was d is t i l l e d  to  g ive; ( i )  a co lo u r less  liq u id , b .p . 78° ,
( i i )  a white sublimate (O .llO g .), bath temp, to  8 0°/0 .0$  mm.,
( i i i )  a yellow  o i l  (3 *36g . ) ,  b .p . 66- 70° / 0 .03  mm., and ( iv )  a 
residue (3 .67g-)*  Fraction ( i i )  was p^-di-t-butylbenzene 
(crude, 0 .5 8  mmole, 3 -43i / l 00m), m.p. and mixed m.p. 76-7  
a fte r  c r y s ta ll is a t io n  from methanol.
Fraction ( i i i )  was 2 ,5-d i~ t-bu ty lp lien yl aceta te  (crude, 
1 3 .6  mmoles, 7 2 . 3m /l00m), m.p. and mixed m.p. 52- 3° a fte r  
cr^ s^ t a l l i  s at ion  from ligh t-p etro leum  (b .p . 60- 80° ) .
The d i s t i l la t io n  residue ( iv )  was combined w ith a l l  the  
so lid  c o llec ted  by f i l t r a t io n  and chromatographed on alumina 
(500g.)* E lution  w ith petroleum containing an increasing  
proportion of benzene (0- 3 0 0 ) gave 26 x  70 ml. fra c tio n s  
before 2 , 3 ?4 ? 5—tetraphenylcyclopentadienone began to  be 
c o lle c te d . Fractions 17—21 gave a s in g le  d iffu se  spot on a 
s i l i c a  t . l . c .  p la te  developed w ith petroleum-benzene ( l ;1 ) .  
They were combined to  give an o i ly  red so lid  (0 .2 4 1 g .)  which 
was repeatedly c r y s ta llis e d  from methanol and from isopropanol, 
but the product obtained was not sharp-melting and did not 
sublime at 170° (block tem p .)/0 .03  mm. The i . r .  spectrum
1 6 1 .
showed an absorption at 35IO om. (O-H). This m aterial was 
not id e n t if ie d .
The remaining chromatography fra ctio n s contained only trace  
amounts of o i l s ,
3- Reaction w ith Anthracene in  Benzene
2 ,3 -D i-t-h u ty l-N -n itro so a ceta n ilid e  (6 .3 0 g ., 22.8 mmoles) 
was allowed to  decompose in  benzene ( 6 0 . 0 . 7 7 3  mole) 
containing anthracene (lO.Ag.? 38 .4  mmoles) in  suspension.
Tfhen the decomposition was complete* unreacted anthracene 
(8.49g#? 47*6 mmoles) was f i l t e r e d  o ff  and washed with  
benzene. The f i l t r a t e  and washings were combined, and a 
sample was examined by g . l . o .  (Table 4? p . l6 4  ) w ith tra n s-  
stilb en e  as in tern a l standard.
V o la tile  matter was d i s t i l l e d  out from the bulk (22 .3  mmoles 
nitrosam ide) of the f i l t e r e d  reaction  mixture, bath temp, to  
130°/0 .1  mm., and jD-di-t—butylb enzene (crude, 0#037g.,
0*195 mmole, 0.9m/l00m), m.p. 73-4°? and 2 ,5 -d i-t-b u ty lp h en y l 
acetate (crude, 2.99g-? 12 .05  nmoles, 54*0m/L0Qra), m.p.
50-51° were is o la te d . The brown residue (3-59g*) was 
d isso lved  in  xylene (22 m l.) , maleic anhydride (2 .05S -) added, 
and the mixture b o iled  under re flu x  fo r  25 min. A fter  
standing at room temperature fo r  3*5 h r ., 2N-sodium hydroxide 
so lu tion  (40 m l.) was added and the mixture b o iled  under 
re flu x  fo r  a further 2 ,2 5  hr, Wlien coo l, the organic la y er
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was separated, d ilu ted  with ether (lOO m l.) , washed with  
water (5 x 50 m l,) , and dried over magnesium su lphate. The 
residue remaining a fte r  evaporation of the so lven ts under 
reduced pressure was chromatographed on alumina (3 0 0 g ,). 
E lution w ith petroleum-henzene (9 :1 ) produced a b lu e -  
flu orescen t so lu tion  which was evaporated to  a pale orange 
s o lid  ( l .2 8 g , ) .  O iy s ta llisa t io n  from ligh t-p etro leum  (b .p . 
60-80°) afforded co lou rless 1 ,4 -d i-t-b u ty ltr ip ty cen e  (0.793s*? 
2.16 mmoles, 9.7m/l0Qm; crude, 15.8m/l00m), m.p. 233"^+°» 
(Found; 0,91*7; H,8.25* 0,91*73; H ,8.250).
N.m.r. (001. ): x  2 .85 (centre of AABB*, 8H), 3*10 ( s ,  2H,
and H j), 3*80 (s , 2H, bridge-head) and 
8.43 ( s ,  18H, t-B u ).
X max ^ methanol; 262.5 (3*17)? 271 (3*36) and
279 (3*46).
I . r .  (N ujol): 1170, 825, 765, 745, 700 and 645 om .^
G .l .c .  examination (30 AEL,. 250°) in d icated  that the 
anthracene f i l t e r e d  o f f  from the reaction  mixture contained no
1 ,4 -d i-t-b u ty ltr ip ty o e n e , nor other contaminant. The quantity  
of anthracene in  the f i l t r a t e  (3.88 mmoles) was determined by 
g . l . o .  (lO/j SIL, 189°) w ith trans—stilb en e  as in tern a l 
standard, allow ing the amount consumed in  the reaction
(30.3m/l00m) to  be computed.
4» Decomposition in  Furan
2 ,5-Di-t-but5il-N —n itro so a o eta n ilid e  (6 .4 8 g ., 23*5 mmoles)
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was allowed to  decompose in  furan (47#9g«, 0 ,7 0 5  m ole), 
giv in g  a deep orange so lu tio n , A sample o f the reaction  
mixture was examined by g . l .c *  (Table 4 , p# I 6 4 ) with  
phenanthrene as in tern a l standard.
The bulk (22.2  mmoles nitrosam ide) of the reaction  mixture 
v/as d i s t i l l e d  to give; ( i )  a co lou r less liq u id , b .p , 32° ,
( i i )  a white sublimate (0 ,032g.)^  bath temp, to  7G°/0*04 mm*,
( i i i )  a yellow  sublimate (0 .0 3 5 g ,) , bath temp, to 8 0 ° /0 ,0 4  mm.,
( iv )  a yellovf o i l  which s o l id if ie d  (3 # 0 0 g ,), b .p , 74~82°/0,02 mm,,
(v) a yellov/ o i l  ( l .0 5 g * ) , b .p , 8 2°/0 ,02  mm., (v i)  a yellow  
so lid  (0 , 765g . ) ,  bath temp, to  l 65° / 0 .0 2  mm,, and ( v i i )
a b lack residue (0 ,6 0 9 g .) . The fra ctio n s were examined by 
g . l . o .  (lO0 SIL, 194° ) .  Fractions ( i i )  and ( i i i )  were la rg e ly  
2 -d i-t-b uty lb en zene (crude, 0,353 mmole, l.én/lOOm), which 
was iso la te d  by c r y s ta l l is a t io n  from methanol, m.p, 75-6°? 
mixed m.p, 76-7°#
Fractions ( iv ) - ( v i )  contained two p rin cip a l components;
2 ,5 -d i-t-b u ty lp h en y l a c e ta te , and a compound with a longer  
g . l . o ,  re ten tio n  tim e. Fraction ( v i ) ,  c r y s ta llis e d  (tw ice) 
from petroleum, y ie ld ed  co lo u r less  5 ,8 -d i-t-b u ty l-1 ,4 -d ih y d r o -  
naphthalene-1,4-endoxide (0 .0 8 6 g ,) , m,p. 114-5°# (Found:
C ,84.3; H ,9 .5 . 1^8^24  ^ requires 0 ,8 4 ,3  5 H ,9 ,40). The y ie ld  
o f the endoxide was determined by g . l . c .  (Table 4 ? P# I 6 4 ) .
N.m.r. spectrum; see Appendix,
I . r .  (N ujol); 1125 (C-O-C) and 725 om.~^ ( c is  GH=CH).
TABLE 4
Reactions o f R tS -R i-t-b uty l-N -n itrospaoetan ilid e
Product Y ield  (m/lOOm of nitrosam ide) by g . l .o
Reaction H,1  H.2 H.3 H.4
2 -D i-t-b u ty lb  enz e ne 7*8 8 .4  5 .1  4 .1
Biphenyl 1 ,3  ( 0 ,4  ( 0 ,4  -
2 ,5-3)i-t'4)utylphenyl acetate 7 9 .0  76 ,9  55*1  63*1
5 , 8 -D i-t -b u ty l-1 ,4 -dihydr onaphthalene-1 ,4 -endoxide -  29 *7
2 , 5 -D i-t-b u ty lb ip h en yl (0 , 5m /l00m would have been detected) 
was absent from reaction s H ,l , H.2  and H*3; 2 , 5 -d i-t-b u ty lp h en o l 
( l ,0 )  was absent from reaction s H,1  and H.2; 2 , 5 -d i- t -b u ty l-  
a ceta n ilid e  (0 . 9 ) was absent from a l l  rea ctio n s .
Q uantitative measurements were made on 20 NPGS, 130 and 
138° (reaction s H .l ,  H.2 and H,3) or 20 NPGS, 183° (reaction
H .4); and on 100 SIL at 172° (reaction s H,1 and H.2) or 189° 
(reaction  H.3) or 158° (reaction  H .4 ).
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I  Réactions o f 1.4~Dl~t'"butyl.-2.5-&i-(N-nltrosoacetamido)benzene
In  a l l  experiments:, except I . l ( b ) ,  the dinitrosam ide was 
prepared from 2 , 5-di-t-butyl-^-phenylenediam ine (see  S ection  V II), 
An authentic specimen o f 2 , 5’-d i“t-b u ty lreso ro in o l 
d iaceta te  could not be prepared. A mixture o f th is  with
2 , 5-di-t-butylhydroquinone d iaceta te  was iso la te d  in  experiment 
J.3? and since an authentic specimen o f the la t t e r  was a v a ila b le , 
the mixture o f d ia ce ta tes  could be used to determine the g . l . c .  
reten tio n  time o f  2 , 5-d i-t -b u ty lr e so r c in o l d ia ce ta te . The 
isom ers, which were resolved  on ca p illa ry , 190° ,  were
assumed to give an equal response to a flam e-ion isa tion  
d etector.
Biphenyl and 2 ,5 —d i-t-b u ty lp h en yl acetate were not
resolved  on 100 CAR, but could be separated on CAR ca p illa ry , 
o195 .
The extreme in s o lu b i l ity  o f  l,4"-diaoetam ido-*2,5-di-t- 
butylbenzene ensured th a t, were i t  formed? i t  would be 
p recip ita ted  from the reaction  mixture.
1 . Decomposition in  Benzene
(a) The dinitrosam ide (4 , 68g . ,  12.9 mmoles) in  
benzene (39#5g*? 0.507 mole) was s t ir r ed  at 4 8 ° fo r  15.5 h r .,  
gradual decomposition occurring. The mixture was b o iled  
under re flu x  fo r  1  hr. and allowed to co o l, when no so lid  
was deposited , A sample of the brown so lu tion  was examined 
by g . l . o .  (Table 5 , p . 171) w ith b ibenzyl as in te rn a l standard.
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(b) Impure l,4 -a i-t-b u ty l-2 ? 5 -cL i-(îî-n itro so a ceta m ia o )-  
benzene ( 3 . l6 g . ,  8 .71  mmoles, prepared from the diamide, was 
allowed to  decompose in  benzene ( 26 . 4g.? 0.348 mole) at the 
re flu x  temperature, A white so lid  (0,247g*) was f i l t e r e d  
o f f  from the cooled reaction  mixture and id e n tif ie d  by i t s
i . r ,  spectrum and m.p. (above 360°) as 1 ,4-âiacetam ido-
2 ,3 -d i-t-b u ty lb en zen e (0.813 mmole). The f i l t r a t e  was 
examined by g . l . o ,  (100 APL, 192°) and was found to contain  
the same products, in  the same r a t io , as were detected in
(a) above.
The bulk (7 .31  mmoles impure dinitrosam ide) o f the 
f i l t r a t e  was d is t i l l e d  to  give: ( i )  a co lou r less l iq u id ,
b .p , 80°, ( i i )  a liq u id  ( tr a c e ) , bath temp, to 3 5 ° /l3  mm.,
( i i i )  a red sublimate (0 ,3 6 9 g .)?  bath temp, to  1 8 0 °/0 .1  ram,, 
and ( iv )  a b lack  residue ( l ,7 6 g . ) .  Fraction ( i i i ) ,  
c r y s ta ll is e d  from benzene, afforded co lou rless 2 ,3 - d i - t -  
butylhydroquinone d iaceta te  ( 0 . l6 0 g , ,  0.523 mmole, 7 # ln /l0 0 m ,; 
crude, l6 ,ln /l0 0 m ), m.p. and mixod m.p. 175-6°. The i . r .  
spectrum was id e n t ic a l to th at o f  the authentic d ia c e ta te .
The residue ( iv )  was chromatographed on alumina ( l7 0 g ,) .  
E lution  with so lven ts o f  in creasin g  p o la r ity , from benzene 
to  methanol, gave 67 x 80 ml, fr a c t io n s . The f i r s t  18 
contained no appreciable m aterial; the remainder gave 
only o i l s ,  tars or g la sses  from which no sharp-melting
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products could be is o la te d . Examination o f the major 
fra c tio n s  by t . l . c .  and i .r *  spectroscopy did not permit 
id e n t if ic a t io n  o f any component.
2, Reaction  w ith Anthracene in  Benzene
1 ^ 2).-'Di""t"butyl"'2,3 -di-(N -nitrosoacetam ido ) benz ene 
(6 .8 0 g ., 18.8 mmoles) was allov/ed to  decompose in  a suspension  
of anthracene ( lO . lg , , 56*3 mmoles) in  benzene (6 3 * lg ,, 0.833 mole) 
at 4 2  ^ for  13 hr* and at the re flu x  temperature fo r  1 hr.
Unreacted anthracene (8 ,72g*, 49*0 mmoles) was f i l t e r e d  o ff  
from the cold  reaction  mixture and washed with benzene, A 
sample o f the combined f i l t r a t e  and washings was examined by 
g .1 ,0 . (Table 3? p . I? !  ) with tra n s-stilb en e  as in tern a l 
standard. Estim ation of the quantity of anthracene in  the 
f i l t r a t e  (3,83 mmoles) allowed the amount consumed (iS.ôiï/lOOm) 
to  be computed.
The major p ortion  (15,23 mmoles dinitrosam ide) o f the 
f i l t r a t e  was d is t i l l e d  to give; ( i )  a co lou rless l iq u id ,  
b .p , 79-81°, ( i i )  an orange sublimate ( l .8 3 g , ) ,  bath temp, 
to  180^/0,1 mm., and ( i i i )  a residue (2,578#)$ Fraction ( i i )  
was d isso lved  in  chloroform, methanol added, and the 
p rec ip ita ted  anthracene f i l t e r e d  o f f .  The f i l t r a t e  deposited  
large c r y s ta ls , some o f which were picked out and r e o r y s ta llis e d  
from benzene to  g ive 2,3-di~t-butylhydroquinone d ia o eta te , 
m,p. and mixed m,p, 173-4^$
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The residue ( i i i )  was d isso lved  in  xylene (25 ml*) and 
heated with maleic anhydride (l#75g*) and sodium hydroxide 
so lu tion  as in  experiment H.3 (p* l6 l)*  The r e su ltin g  
so lid  was chromatographed on alumina (l8 0 g ,)*  E lu tion  with  
so lvents of in creasin g  p o la r ity , from petroleum to benzene- 
ether (4*1), gave 44 x 85 ml. fra c tio n s  which did not fluoresce  
in  u.v« l ig h t ,  and contained very l i t t l e  m aterial. The next 
11 fra c tio n s  were weakly flu o rescen t; on evaporation, each 
gave a brovm ta r  ( to t a l  0 ,4 7 8 g .) . More polar so lv en ts , to  
methanol, y ie ld ed  ta r s  or g la s s e s . Representative fra ctio n s  
were examined by t . l . c * ,  and by i . r .  and n.m .r. spectroscopy. 
A ll contained a t le a s t  two components, none o f which could be 
iso la te d  or id e n t if ie d , 6 ,1 3 -D i-t-b u ty l-5 ,7 ,1 2 ,14-tetrahydro-  
5,14s7>12-di“£-benzenopentaoene was not d etected ,
3 , Decomposition in  EuranHTwirwuiiiiw—wnfcigiii
l,4 -D i-t-b u ty l-2 ,5 -d i-(N -n itrosoaoetam id o)b en zen e (9 .7 6 g ., 
27*0 mmoles) v/as allowed to decompose in  furan (58 .0g* ,
0 ,8 5 0  mole) at the re flu x  temperature for  17 h r ,,  and a 
portion  o f the re su ltin g  so lu tio n  was examined by g . l . o .
(Table 5 , p , l ? l  ) with flu o r  ene as in tern a l standard.
The bulk (22 ,2  mmoles d initrosam ide) o f the deep red't
reaction  mixture gave on d is t i l la t io n :  ( i )  a liq u id ,
b .p , 32° ,  ( i i )  a liq u id  (0 .7 3 7 8 .) , h ,p . 3 6 -4 0 ° /l4  cm.,
( i i i )  a white sublimate (0*048g ,), bath temp, to
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120°/0 ,3  mm., ( iv )  a yellow  o i ly  s o lid  (G ,6 l6 g ,) , b .p ,
120°/0 ,2  mm,, and (v) an orange o i ly  so lid  ( l ,3 0 g , ) ,  b .p , 
o /120-35 /0 .2  mm. No further d i s t i l l a t e  or sublimate was
obtained at a pressure o f le s s  than 10 mm, and a bath
temp, to  220°, A black residue (3 ,6 7 g .)  remained. The
fra ctio n s were examined by g . l . o ,  (2^ NPOS, 80° and 120°
programmed to  2 10°), Fraction ( i i )  was la rg e ly  a c e tic  acid
(12 .3  mmoles, 55m/lOOm) and ( iv )  contained 12 components,
the major one having a re ten tion  time equal to  th at o f
2 ,5-di-t-butylhydroquinone d ia o eta te ,
Fraction ( v ) ,  which contained two p rin cip a l components, was
c r y s ta ll is e d  repeatedly from petroleum-bonzene to  give impure
2 ,5 ‘-di-t-butylhydroquinone d iaoeta te  (0 .1 3 4 8 .) , Ri.p. and
mixed m.p, 169-71°. The i . r .  spectrum contained absorptions
-1a t 3310 and l660 cm, not present in  the spectrum o f the 
authentic d ia o e ta te , but the n .m .r. spectra were in d istin g u ish a b le . 
The other component o f  th is  fra c tio n  could not be iso la te d .
Chromatography o f the d i s t i l la t io n  residue on alumina 
( l6 0 g .)  y ie ld ed  on ly  in tra cta b le  o i l s  and ta r s ,
4 . Decomposition in  t rans -1 .2 —Diohloroethylene
1 , iK -D i-t-butyl-2, 5 -d i-(N -n itro  soacetamido ) b enzene 
(7 ,458# , 20,6 mmoles) was allowed to  decompose in  
t r a n s - l , 2 -d ich loroethylene (7 8 .5g#, 0,810 mole) at 
30- 40° fo r  17 h r , and at the r e flu x  temperature fo r  1 hr.
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The major part ( l8 ,9  mmoles o f  dinitrosam ide) o f the brown 
so lu tion  was d i s t i l l e d  to  y ie ld :  ( i )  a liq u id , b .p . 48 -53°,
( i i )  a liq u id  ( l . S l g . ) ,  b .p , 54- 7 6 ° ,  ( i i i )  a liq u id  (0 . 046g , ) ,  
bath temp, to  100°/18 mm., ( iv )  a red so lid  ( l .5 4 g , ) ,  bath  
temp, to  180°/0 .1  mm., and (v) a b lack residue (3.55 S*). 
Fraction ( iv )  was seen by g . l . c ,  examination (2^ NPG-S, 192°) 
to  contain 6 components, the two p rin cip a l ones being those  
vfith the lon gest re ten tio n  times* A portion  (12 ,2  mmoles 
dinitrosam ide) o f  th is  fra c tio n  was applied to s i l i c a  g e l  
t . l . c ,  p la te s  vfhioh were developed with petroleum-benzene 
(4 :1 ) . The component with the lon gest g . l . o ,  reten tion  time 
had iy ,0 .0 , and was id e n t if ie d  as 2 ,5-di-t-butylhydroquinone  
d iaoetate (crude, 0 .2416#, 0 ,787 mmole, 6,5ïï/lOOm),m.p.
174- 5° ,  mixed m.p. 173-4°. The other major component, with  
R^O.27, was id e n t if ie d  a fte r  c r y s ta ll is a t io n  from methanol 
as 4 -o h lo r o -2 ,5 -li- i-b u ty lp h en y l acetate (crude, 0 ,1776#,
0 . 627  mmole, 5#lii/l00m) m.p. 100-101°, (Found: 0 ,6 7 .8 ;
H,8.555 01,12.55# G^^Hg^ClOg requires 0 ,67 .95 ; H ,8,2; 
01,12.5% ).
N.m,r. (ODCl^): X 2 ,69 ( s ,  H^), 3 .01 ( s ,  H^), 7 .70  (Me),
8 ,5 6  (t-Bu) and 8 .6 9  (t-B u ).
1 .r ,  (N ujol): I 76O cm.  ^ (0=0).
No other s in g le  components could be iso la te d  by t . l . c .
A sanple o f the o r ig in a l reaction  mixture was examined 
by g . l . o .  (Table 5 , p . l ? l )  w ith trans-s t i lb e n e  as 
in tern a l standard.
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TABLE 5
Réactions o f 1 .4 -B i-t-buty l-2 ,5-d l-(N -iiitrosoaoetam id o)b en zene
Product Y ield  (n/lOOm of dinitrosam ide) 
by g . l . o .
Reaction 1*1 1 ,2 1 .3 1 .4
A cetic  acid 38 65
»«'SflKa*oCsu*$**8LSirr,W3^**l
101 70
Biphenyl 1 .2 < 0 .1 — -
2 ,5 -D i-t-bu ty lp hen yl acetate 1 .6 1 .2 2 .7 2 .6
2 ,5 -Di-t-butylhydroquinone diaoetate 15.5 1 2 .9 8 ,5 15.2
2 , 5-D i-t-b u ty lb ip h en yl 1 .7 1 .0 — —
2 , 5 -D i-t-butylphenol 0.25 <0 .1 1 .3 < 0 .1
4-C h loro-2 ,5-d i-t-bu ty lp h en yl acetate 6 ,8
£-D i-t-butylbenzene (0 , 2m /l00m would have been detected) and
2 , 5 -d i-t -b u ty lr e so r c in o l d iaoetate (0 , 5 ) were absent from a l l  
reaction s ; 5 , 8 - d i - t - b u t y l - l ,4 -dihydronaphthalene-1 ,4 -endoxide 
(0 *2 ) was absent from reaction  1 , 4 .
Q uantitative measurements were made on 10^ GAR, 200°,
10^ APL, 20 0 ° and NPGS o a p llla r y , 190°,
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J Reactions of 2.5-Di-t-'butyl-1.3-<3.i-(N-nitrosoaoetaiid.do)benzene
1 , Decomposition in  Benzene
l,3-D iaoetam ido~2,5-di-t-'butylbenzene (0*210g,, 0,690 mmole) 
was n itrosated  and the reaction  mixture poured in to  iced  10% 
potassium hydrogen carbonate so lu tion  (30 rril,)* The yellow  
o i ly  so lid  which separated Y/as extracted vdLth benzene (15 ,10 , 
2 x 5  m l,) and the combined ex tra cts  were s tirred  v/ith  
magnesium sulphate fo r  30 min, and phosphorus pentoxide for  
5 m in,, the temperature being kept below 5 ° . S o lid  matter 
was f i l t e r e d  o f f  and washed with benzene, g iving a so lu tion  
o f the dinitrosam ide (assumed 0,690 mmole) in  benzene (40 m l,) .  
Rapid darkening was observed vrhen the so lu tion  was s t ir r ed  
at 42°♦ A fter 16 h r , ,  the mixture was heated at the re flu x  
temperature for 1 h r , , and was concentrated by d i s t i l la t io n ,
A sample o f the reaction  product was examined by g . l . o ,
(10% APL, 192°; NPGS c a p illa r y , 190°) with bibenzyl as 
in tern a l standard, and the fo llow in g  were detected; 
£-d i-t-b uty lb en zen e (0,3n/100m ), biphenyl ( 6 .8 ) ,  2 ,5 - d i - t -  
butylphenyl acetate (4 , 8 ) ,  2,5-di-t-butylhydroquinone  
d iaoetate (0 ,4 ) and 2 ,5*-d i~t-butylresorcinol d ia ceta te  (0 ,6 ) .
2 ,5-D i-t-b u ty lp h en ol (0,07n/l00m  would have been detected) 
and 2 ,5 -d i-t-b u ty lb ip h en y l (O .l) vfere absent,
2 . Decomposition in  Cyolohexane
A dry so lu tion  o f 2 , 5 - d i - t - b u t y l - l , 3 -d i-(N -n itr o so -
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aootamido)ben2eno (0 .431g . ,  1 .4 2  mmoles) in  cyolohexane (I 40 m l.) , 
prepared by a sim ilar procedure to that above, was s t ir r e d  at 
42° fo r  15 hr. and at the re flu x  temperature fo r  1 hr. A fter  
concentrating by d is t i l la t io n ,  a sample of the reaction  mixture 
was examined by g . l . o .  (10% APL, 192°; NPGS c a p illa r y , 190°) 
with b ibenzyl as in tern a l standard, and was found to  contain: 
£-d i-t-b u ty lb en zen e ( l . 2m /l00m), 2 , 5 -d i-t-b u ty lp h on yl acetate  
(1 3*7 )> 2 ,5 -di-t-butylhydroquinone d iacetate  (1 . 2 ) and
2 . 5-d i-t-b u ty lr e so r o in o l d iaoetate ( 2 . 0 ) ,  2 , 5-D i-t-b u ty lp hen ol 
(0 . 3n / l 00m would have been detected) was absent.
3 . Attempted I s o la tio n  of 2 .5 -D i-t - butylr e so r e in o l Diaceta te  
The reaction  mixtures (including g . l . o .  samples) from 
the above tv/o reaction s were combined and subjected to  
preparative g . l . c ,  (7  f t .  x 0 .3 7 5  in .  o .d . g la ss  column 
containing 10% NPGS on o e l i t e  a t 215°). The m aterial 
corresponding to a s in g le  peak with reten tion  time 17 min. 
was c o lle c te d , affording an o i ly  yellow  s o lid  (0 . 017g .)  
vfhich was found by g . l . o ,  examination (NPGS ca p illa ry , 190°) 
to contain two p rin cip a l components, having reten tion  times 
of 16 min, (oa. 40%) and l 6*6 min, (ca , 60%). Authentic
2 .5 -di-t-butylhydroquinone d iaoetate had reten tion  time 
1 6 .0  min.
N.m.r, (CDGl^); x  2 ,99  (s )  and 3.16 (s )  (together ca . 2H);
7 .6 7  (s )  and 7 .7 0  (s )  (together oa, 6h ) ;
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8 ,6 0  ( s ) ,  8 ,6 7  (s )  and 8 ,7 2  (s )
( to ta l  oa. I 8H; ra tio  oa, 7 :1 2 :7 ) .^  MsaMCi» w o^Ktmms» * f
C ry sta llisa tio n  of the mixture from ethanol at -4 0 ° y ie ld ed  
the component w ith the shorter re ten tion  time (0 , 005g# ), 
which had an i , r ,  spectrum id e n t ic a l to that o f 2 , 5 - d i - t -  
hutylhydroquinone d ia o eta te . The c r y s ta ll is a t io n  mother- 
liq u or was evaporated and the residue heated in  a sublimation  
tube at 180 (b lock  te]%p,)/0 ,0 2  mm, to give a v iscous  
brown o i l ,  which was d isso lved  in  petroleum (0 ,4  m l,) .
When the so lu tion  was cooled to  -6 0 ° , a brown s o lid  (0 ,0 0 2 g ,) ,  
co n sistin g  o f oa, 70% o f the component vd-th the longer  
reten tion  tim e, was deposited . This m aterial was examined 
by mass spectroscopy (see  p . 249) .
K Reactions of 4-Acetoxy-2  $5-d i-t-b u ty l-N -n itro so a ce ta n ilid ei w i . w iMiiL <^ . .11 ■ I ^■■1. iM II .jm  ' i i r ar r  • ir— i iii— r tn rn w iiim r  11" n'm  w n m  iw i w  la
1, Decomposition in  Benzene
The nitrosam ide (7#02g ,, 21,0 mmoles) was allowed to
decompose in  benzene (6 5 #5 g#, 0 ,8 4  mole) at 4 2 ° fo r  I7 h r .,
when rapid darkening o f the so lu tio n  'was observed; and at
the r e flu x  temperature fo r  1 hr, A sample o f the re su ltin g  
so lu tion  v;as examined by g . l . o .  (Table 6 , p, 177) with  
bibenzyl as in tern a l standard.
The bulk (18 ,1  mmoles nitrosam ide) of the reaction  
mixture gave on d is t i l la t io n :  ( i )  a liq u id , b .p , 79-95
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( i i )  a yellow  sublimate (0 , 099g.)>  bath temp, to 110° / 0 ,0 5  mm.,
( i i i )  an orange so lid  (0 . 209g . ) ,  b*p, 70 - 80° / 0 ,0 5  mm., ( iv )  a 
red o i l  (0 , 300g . ) ,  b .p . 80- 100° /o . 03 mm,, and (v) a resid u e , 
G.1 , 0 . examination (l0% PBGA, 199°) in d icated  that fra c tio n s
( i i )  and ( i i i )  contained comparable amounts o f biphenyl,
2 , 3-d i-t-b u ty lp h en y l a ce ta te , 2 ,5 ^di-t-bu ty lph en ol, and an 
u n id en tified  product; v/hile fra c tio n  ( iv )  contained, in  addition  
to  th ese , 2 ,3-di-t-butylhydroquinone d ia ce ta te . Preparative  
g . l . o ,  (7  f t ,  X 0 ,3 7 5  in ,  o .d , g la ss  column containing 10%
NPGS on c e l i t e ;  temperature programme, 145° r is in g  a t l° /m in , 
fo r  26 m in,, then 24 /m in . to  215°  ^ then isotherm al) o f  
fra c tio n s ( i i )  and ( i i i )  allowed iso la t io n  o f a sample of the 
unlcnown component, contaminated with biphenyl ( ^ ,  10%) from 
which i t  was only p a r t ia l ly  reso lved . C ry sta llisa tio n
from petroleum y ie ld ed  yellow  need les o f 2 ,5 -d i- t -b u ty l-^ -  
benzoquinone, m,p, 152 -3°, mixed m.p. 153- 32° . The i . r ,  
spectrum Y/as id e n tic a l to that o f the authentic quinone,
N.m.r, (CDCl.): x  3 .48  ( s ,  2H) and 8,70 ( s ,  18H, t-B u ),
In a control experiment a so lu tion  o f 2 ,5 -d i-t-b u ty lp h en y l 
acetate (l.O  mmole) in  benzene (0 ,2  mole) containing a ce tic  
acid  (5 .0  mmoles) and water (2% by weight of the benzene)
Y/as b o iled  under re flu x  fo r  4  h r. G .l .c ,  examination 
(NPGS c a p illa r y , 190°) shov/ed that le s s  than 0,1% o f  the 
ester  had been hydrolysed to  2 ,5 -d i-t-b u ty lp h en o l.
176.
2. Décomposition in  Cyolohexane
( a) 4-A .oetoxy-2 ,5 -d i-t-b uty l-N -n itrosoaoetan ilid e  
(0*8346#, 2.50 mmoles) decomposed slov/ly in  suspension in  
cyolohexane (lO*5g#, 0*125 mole) at 42°. A fter l6  hr. the 
red so lu tion  was b o iled  under re flu x  fo r  1 hr, and a sample 
was examined by g . l . o .  (Table 6 , p . 177 ) with b ibenzyl as 
in tern a l standard,
(b) From a sim ilar reaction  o f the nitrosamide (5 .8 6 6 .,
1 7 .5  mmoles) in  cyolohexane (7 3 .5 6 ., 0.877 mole) there were 
obtained by d is t i l la t io n ;  ( i )  a liq u id , b .p , 77-81°,
( i i )  an orange s o lid  ( 0 ,8 l5 g .) ,  b .p . 65-140° /0 ,05 mm.,
( i i i )  a red so lid  (0 .764g#), b .p , 140-60°/0 ,05 mm., and
( iv )  a brown residue (2 ,8 3 g .)#  Preparative g . l . c .  (7  f t ,  x 
0,375 in , o .d , g la ss  column containing 10% NPGS on o e l i t e  
at 205°) o f fra c tio n  ( i i i )  y ie ld ed  samples of 2 , 5 - d i - t -  
butylphenyl a ce ta te , m.p, and mixed m.p, 51- 2°; 2 , 5 - d i - t -  
butylphenol, m.p, and mixed m.p. 120 - 21°; and 2 , 5-d i-t-b u ty l*  
hydroquinone d ia o e ta te , m.p, and mixed m.p, 175-6°. The 
id e n t i t ie s  of these components were confirmed by th e ir  i . r .  
(and fo r  the phenol, n .m .r .) sp ectra .
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TABES 6
Réactions o f A .-A oetoxy-2.5-ai-t-Eutvl-N-nxtro3oaoetan.llide
Product Y ield  (n/lOOm of nitrosam ide) by g . l . o .
Reaction K*1 K^2(a)
A cetic  anhydride 70-90 50-70
2 ,5 -P i-t-butyl-£-benzoquinon 0 5 .8 2 ,4
2 ,5 -D i-t-b u ty lp h en yl acetate 2.5 8 ,3
2 ,5 -D i-t-b u ty lp h en ol 5 .1 5 .9
2 ,5 -D i-t-b u tylh yd r0quinone 
diaoetate 2 .2 7 .7
Biphenyl 2,7
2,5  -Di - t-b u ty lr  e s ore in o l d iaoetate jo,02ir/lOOm would have
been d etected  in  reaction  K .l ,  0 ,2  in  reaction  K ,2(a) ] and
£-d i-t-b u ty lb en zen e (0 ,2 ) were absent.
Q uantitative measurements were made on 10% PBGA, 159
and 199°, and NPGS c a p illa r y , 190°, A cetic anhydride was
measured approximately on 2% GAR, 45° vd.th o-bromotoluene
as in tern a l standard. The i , r ,  spectra of the nitrosamide
used in  these experiments contained no absorption at 
—11830 cm, (C=0 in  a ce tic  anhydride).
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L Réactions o f p-A oetoxy-N -nitrosoaoetanilide  
1 , Decomposition in  Benzene
£-A oetoxy-N -n itrosoacetan ilide ( l .4 4 g , , 6,495 mmoles) 
vras allowed to decompose in  benzene (20.3s*> 0,260 mole) at 
38° fo r  l6  hr, and a t the re flu x  temperature for  1 hr, A 
sample of the reaction  mixture was examined by g , l , c ,
{0 0  NPGS, 172 and 202 ; 8% BDS, 227°) v/ith tran s-s t i lb e ne 
as in tern a l standard, and was found to  contain 4-acetoxy-  
biphonyl (39,4n/l00m ) and 4-hydroxybiphenyl ( 2 ,0 ) .  Hydro­
quinone monoacetate (0 ,ln /l00m  vfould have been d etected ), 
hydroquinone d iaoetate (O.O7 ) ,  3-aoetoxybiphenyl (0 ,07) and 
£-aoetoxyaoetan ilid e (0 ,7 ) were absent, A further sample 
v/as seen by g , l , o ,  examination ( ^  NPGS, 106°; 8% BDS, 160°) 
with naphthalene as in tern a l standard to  contain  phenyl 
acetate (2 ,ln /l0 0 m ), Phenol (0,3n/l00m  would have been 
d etected ), £-benzoquinone (0 , 2 ) and biphenyl (0 . 3 ) were 
absent.
A niline ( l ,3 0  mmoles) was added to a portion  ( l ,2 2  mmoles 
nitrosam ide) o f the reaction  mixture, which was then s tirred  
at 40° fo r  30 ndn, G .l .o , examination (2% NPGS, 172°) 
in d ica ted  th a t a ceta n ilid e  (67m/lOOm), absent from the 
o rig in a l reaction  m ixture, v/as nov/ p resen t. The i . r .  
spectrum o f the nitrosamide used in  th is  experiment did  
not contain a band at I 83O cm,  ^ (0=0 in  a c e tic  anhydride),
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M Reactions o f Diphenyl ro-(N-nitrosoaoetamido)phenyllphosphine 
Oxide
1 , Decomposition in  Benzene
£-Acetamidophenyldiphenylphosphine oxide (5 .4 0 g ,, 15.1  
mmoles) was n itro sa ted  and the reaction  mixture poured in to  
iced  water (15O m l,) .  The yellow  o i l  which separated vfas 
extracted  w ith benzene ( 25^10 m l,) and the ex tracts were 
washed with water (40  m l.) , 3% potassium hydrogen carbonate 
so lu tio n  (40  m l,) , and water (40  m l,) ,  and s tirr ed  with  
magnesium sulphate fo r  45 min, and calcium sulphate fo r  
45 m in,, the temperature being kept below 5 ° . F iltr a t io n  
gave a so lu tion  of the impure nitrosam ide (see Section  V II) 
in  benzene (37 S* 9 0 ,48  m ole), which darkened slovfly. When 
the reaction  vfas com plete, a portion (from 11,2 mmoles amide) 
o f the reaction  mixture was chromatographed repeatedly on 
s i l i c a  g e l ,  g iv ing only o i l s  and ta r s . One such fra c tio n , 
c r y s ta llis e d  from ether and from light-petroleum  (b ,p , 6 0 -6 0 °)-  
benzene (4 : l)  y ie ld ed  o-acetamidophenyldiphenylphosphine oxide, 
m,p, 128- 9° ,  mixed m.p, 1 2 7 .5 -8 ° , The i . r ,  and n .m .r, spectra  
were in d istin gu ish ab le  from those o f  the authentic amide,
T . l . c ,  examination on s i l i c a  g e l with ether-methanol (1 9 :l )  
suggested th at the amide was a major component o f most o f  
the chromatography fr a c t io n s . Diphenyl(o-hydroxyphenyl)phosphine 
oxide and o-acetoxyphenyldiphenylphosphine oxide could n ot,
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vfith ce r ta in ty , be detected , A portion  of the o r ig in a l 
reaction  mixture was b o iled  with 10% sodium hydroxide so lu tio n  
and the aqueous phase separated, washed with benzene and 
eth er, a c id if ie d , and extracted  with chloroform. The ex tra c t, 
on evaporation, gave a red tar  which could not be cr y sta llise d *  
T .l.c #  examination revealed three p rin cip a l components, one 
o f which had the same value as diphenyl ( o-hydroxyphenyl)-  
phosphine oxide.
2 , Reaction with Anthracene in  Benzene
Anthracene (4 ,2 6 g ,, 24.0 mmoles) was added to a dry 
benzene so lu tio n (47 m l.) of the product from the n itro sa tio n  
of £-acetamidophenyldiphenylphosphine oxide (4#01g ,, 12.0 mmoles), 
and the mixture s t ir r e d  at 45° fo r  12 hr# and b o ile d . Part (from
11.6 mmoles amide) o f the reaction  mixture was chromatographed 
on s i l i c a  g e l (2 9 0 g ,). Anthracene (3 .0 7 s .)  was removed in  
benzene, and the column was then eluted  with ether containing  
an increasing proportion o f  methanol (0-100%), y ie ld in g  
52x 200 ml, fra c tio n s which were examined by t . l . c .  on 
s i l i c a  g e l with ether-methanol ( l 9 : l ) .  Fractions 1-13 
contained tvfo flu orescen t components (R  ^ 0 .55 and 0 .6 8 );  
fra ctio n s 14-45  contained the slower-moving of th ese , and 
a lso  a substance with the same R  ^ value as £-aoetam ido- 
phenyldiphenylphosphine ox id e. Later fra ctio n s were very  
complex. Fractions 14-23 formed a yellow  tar  (0 ,698g .)
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which was b o iled  with ether to give a powder (O .iy S g .), 
C ry sta llisa tio n  from oarbon tetrach lorid e afforded strongly  
flu orescen t pale yellow  needles (0 .1 2 4 g .) , m.p. 228-9°*
(Found; 0 ,8 3 .2 ; P ,7 .6 ;  resid u o , 1.15^. A54-).
N.m.r. (CDGl^): T  1 .8 7 -3 .1 1  (very complex).
I . r .  (N ujol): 1200 cm. (P=0).
'^max. ( lo g  fo r  M = 454) in  methanol; 224 (4 .5 4 ) , 253.5 (4 ,8 5 ) ,  
3 1 6 (3 .1 6 ), 332 (3 .4 3 ) , 348 (3 .7 3 ) ,  
36 5 .5  (3 .92) find 384.5 m /^(3.87).
This 0ompound,probably 9 - (o-diphenylphosphinyIphenyl) anthracene 
(0 ,2 7  mmole, 2.2n/l00m  o f amide), had 0 .3 3 . (^32^23^^
requires 0 ,8 4 .6 ; H ,3.1; P,6.8%. î / ,  2 3^4)*
The remaining chromatography fra ctio n s were combined, 
and together with the m other-liquors from the c r y s ta l l is a t io n  
o f fra c tio n s 14-23, were d isso lved  in  xylene (23 m l.) and 
b o iled  with maleic anhydride (2 ,2 g .)  and sodium hydroxide 
so lu tio n  as in  experiment H.3 (p* l 6 l ) .  The re su ltin g  tar  
was chromatographed on alumina (2 1 0 g .) . E lution  with  
ether-methanol ( 9 : l )  afforded a brown tar (1 .7 3 g .)  which was 
leached with b o ilin g  eth er, leav ing  a pale brown s o lid  
resid u e . This m ateria l, c r y s ta ll is e d  tvdce from oarbon 
te tra ch lo r id e , afforded pale brown needles (0 . 06 l g . ) ,
.0m.p. 227-8"* (Found: 0 ,8 2 .3 ; H ,3.0; P,9*7; residue 1.5%.
4.M 454)*
1 8 2 .
N.m .r. (CBCl^); *t oa, 2,45 (unresolved m u lt ip le t) , £ a . 5*13
(unresolved m u lt ip le t) , 3 .81 (s) and 
4*56  ( s ) ,  The in te g ra ls  were in  the 
approximate ra tio  1 3 :8 :0 , 8 :0 . 8 *
I . r .  (N ujol); 1200, 1180 om.“^
X m ax.(log C fo r  M = 454 ) in  methanol; 226.5 (4 .3 9 ) , 251sh (3 . 4 I ) ,
260 ( 3 . 36 ) ,  265 (3 . 46 ) ,  272 (3 . 57 ) ,
284 (3 .60) ana 291 m /^(3.63).
The product was p o ss ib ly  (impure) l-d iphenylphosphinyltriptycene  
(0 .1 4  mmole, 1.2m/l00m). (o^gH^^OP requires 0 ,8 4 .6 ; H ,5.1;
P ,6 .8^ . , 454 ) .
N Reactions o f D ieth y l o-(N-NitrosoaQetamido)phenylphosphonate
1 . Decomposition in  Benzeneurn f  i , lavi —»wr i ■nrynn .i.wimr'i'ic.flm- *
The nitrosam ide ( l ,4 2 g , , 4*74 mmoles) was d isso lved  in  
benzene (7*80g,, 0,100 mole) and the so lu tion  s t ir r e d  at 
40- 50° ,  when slow decomposition occurred during 36 hr. The 
mixture was slowly heated to  the re flu x  temperature, and 
b o iled  fo r  2 hr. A sample o f the reaction  product was 
examined by g . l . o .  (35? CM, 173°; 2fo NPGS, 172°) with  
phenanthrene as in te r n a l standard, and was found to  contain  
d ieth y l phenylphosphonate (4*6n/l00m ), d ie th y l £ -acetoxy -  
phenylphosphonate (7 * 7 ), d ie th y l m-aoetoxyphenylphosphonate 
( 1 *0 5 ) ,  d ie th y l £ -ace tamidophenylphosphonate (3 • l )  , d ie th y l
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Z-biphenylylphosphonate (2 2 .8 ) , and biphenyl (tra ce , le s s  
than 0 .4 ) * D ieth y l o-hydroxyphenylphosphonate (0 . 3%/lOOm 
would have been detected) was absent. The id e n t it ie s  o f  
these products were confirmed on 3% QF-1, 155° and 170°.
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appendix OF N.M.R. SPECTRAL DATA
1 ,4-Dxhydronaphthalene—1 ,4-endo3dLcLes (% values)
S ubstituents Aromatio^®"^ O lefin io Bridge-head A lkyl
1) None 3.10 4 ,4 8 —
2 ) 5-t-Bu 2 .88 -3 .28 3.08 4 . 0 1 ,4 .3 1 8.66
3 ) 6-t-B u 2 . 65- 3 .2 2 3 .0 5 4 ,4 6 8 .7 1
4 ) 5 ,8  t-Bu 3 .0 6 2 .9 1 3.83 8 .6 2
5 ) 6-Br; 5 ,8  t-Bu^®^ 2.80 3.02 3 . 7 8 , 4 .0 4 8 . 4 2 , 8 .6 6
6) 1 ,4  Me 3.12 3 .4 0 mm 8.23
Data fo r  unsubstituted endoxide supplied by Dr, R,K, Maokie,
Solvent: CCl  ^ (spectra  2 ,3 ) ;  CDCl  ^ (spectra  3 ,4 ,6 ) ,
(a) 3H, complex (2 ,3 ) ;  2H, s in g le t  (4)5  IH, s in g le t  (3 ) ;  4H M*BB* (6 ) ,
(b) 2H, broad s in g le t  g iv ing m u ltip let on expansion ( l - 3 )  or 2H,
8haip s in g le t , ( 6 ) ,
( 0) 2H, broad s in g le t  g iv in g  m u ltip let on expansion (1 ,3 ,4 )  or 
two IH broad s in g le ts  g iv ing m u ltip lets  on expansion (2 ,3 ) ,
(d) S in g le t ,
(e) Irrad ia tion  at 3 .02 sim p lified  m u ltip lets  at 3 .78 and 4,04# 
Irrad ia tion  at 3,78 or 4 ,0 4  s im p lified  m ultip let at 3 .0 2 ,
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"c va lu es)
Ph
Ph
^2 Naphthalene ^ Other aromatic t-B utyl(^ )
1) H H 2.20-2 ,85 2.85(^) 5 . 22 ( 0 )
2) 6-t-Bu H 2.21-2 .50 2.77 5 .1 5 8 .7 4
3) 6-Cl H 2,28-2 ,72 2.82 5.19 -
k ) 5-t~Bn H 2 .2 4 -2 ,8 4 2*91,5.10 5 .5 0 9.02
5) 5-01 H 2.29 -2 .72 2 ,82 ,2 ,90 5.20 -
6) H 2-t-B u 2,10-2*85 2.78 5 .1 5 8 ,7 2
Solvent: CD01^ (spectra 2 ,5 ,5 ,& ); GGl  ^ (sp ectra  1 ,4 )
(a) Complex*
(b) One lOH s in g le t  ( l ,2 ,5 ) ;  two 5H s in g le ts  (4 ,5 ) ,  one 9H s in g le t  (6 ) ,  
(o) One lOH s in g le t  (1-4^6); two absorptions ( to ta l  lOH) separated
by 1 c . / s e c ,  (5 ) .
( a )  9H, sin g let*
1 8 é .
.ethyl ArylphoBPhonates ('E values)
(GH^.agg)gP=0
G-roup R Aromatic( 3 K<*>
o-Ph 1 . 70- 3 .3 5 6 .1 7 8 .9 1 See (a)
NO2 1 . 68- 2 .5 2 5.87 8,66
0-NH2 2.38-3 .62 5 .94 8 .7 0 4 .5 1
NHAc 1 .10 -3 .18 5 .9 1 8 .6 7 -0 .6 6 ; 7.86
o-OH 2.40 -3 .38 5.95 8 .7 0 -0 .2 1
£*-0Ao 1 . 95- 3 .1 4 6.00 8.73 7 .7 6
ra-OH 2 . 15- 3 .2 4 5 .9 4 8 .7 0 0 .5 8
m-OAc 2 . 16- 3 .0 5 5 .98 8 .7 1 7 .7 8
Solvent: CCl^  ^ fo r  a l l  spectra.
(a) 4H, complex; and for o-Ph, 2 .6 3  ( s , Ph).
(h) 1:4-: 6:4:1  p en tet due to overlap o f two 1 :3 :3 :1 quartets.
J(CHJ-(CHJ ^(G h J - ( p ) ^  7 O . / S 0 C .  ( a v e r a g e  v a l u e ) .
(o) 1 :2:1  t r i p l e t .  ) 7 c , / s g o ,  ( a v e r a g e  v a l u e ) .
(d) S in g le t , broadened v;hen H attached d ir e c t ly  to N*
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REACTIONS OF AGETYLPiRYINIlROSMINISS 
7G-rieve and Hey in it ia te d  a system atic in v estig a tio n  o f the  
reaction s of acetylaryln itrosam ines in  1934 , and since that 
time the mechanism of the decomposition o f N -n itro so a ceta n ilid e , 
p a rticu la r ly  in  aromatic so lv e n ts , has continuously a ttracted  
a tten tio n . The major advances in  the development o f m echanistic 
ideas unto the present day have been traced in  the Introduction  
to  th is  th e s is .  R ecognition o f an aryl ra d ic a l, derived from 
the covalent arenediazoacetate, as the reactive  e n t ity  in  
ary la tion  reaction s was fo llow ed  by the d iscovery that the 
rate-determ ining step i s  rearrangement o f the nitrosamide to  
the trans-d ia z o e ste r . Extensive in v estig a tio n s  culminated in  
the suggestion o f a non-ionic mechanism for  the rearrangement, 
although the p o ssib le  importance o f h e tero ly tic  p rocesses, 
p a rticu la r ly  in  azo coupling reaction s and in  the replacement 
o f su b stitu en ts during the decomposition of certa in  aoylaryl— 
nitrosam ines, was not overlooked. An abundance o f evidence 
fo r  the generation o f a phenyl ra d ica l in  the decomposition 
of N -n itrosoacetan ilid e  was in  marked contrast to the dearth 
of evidence fo r  the simultaneous formation of an aoetoxy
125radical* The mechanism proposed by Ruohardt and Freudenberg 
in  1964  (p .57) not only r a tio n a lise d  the formation o f  
a c e tic  acid  as a n on-rad ical p rocess, but a lso  provided a 
p la u sib le  explanation of other ch a ra c ter is tic  features o f
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the reactions o f  aoetylaryln itrosam ines. Although Perkins
152and h is  co-workers have recen tly  shown that the e . s . r .  
spectrum observed during the decomposition o f N -n itro so -  
a ceta n ilid e  in  benzene i s  probably that of the n itrox id e  
ra d ica l (XVIl) rather than the phenyl d iazotate ra d ica l (XV IIl),
Ph-N-O Ph-N=N-0
Ph-N—Ac
( w i l l )
(W II)
the consequent m odifications (p*59) to  Ruchardt and
Freudenberg*s theory do not in v a lid a te  i t s  fundamental
concepts* Except where the modified scheme appears to be o f
d irect relevance, the r e su lts  of the present in v estig a tio n
w i l l ,  for  convenience, be d iscussed  in  terms of the mechanism
o r ig in a lly  proposed.
The decomposition o f o -t-b u ty l-N -n itro so a o eta n ilid e  in
155benzene was f i r s t  studied by Gadogan, Hey and W illiam s, 
who found that l i t t l e  2 -t-bu ty lb iph en yl was formed, the 
major product being a mixture o f isom eric t-butylphenyl 
a c e ta te s , subsequently shown by Gadogan and Hibbert^ to  
contain only the £ -  and m- isom ers. The formation o f  
m-t-butyIphenyl a ce ta te , together with is o la t io n  o f
l-t-b u ty ltr ip ty o e n e  from the decomposition in  the presence
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o f anthracene, was thought to  in d ica te  aryne p a rtic ip a tio n  
in  the reaction s o f £ -t-b u ty l-N -n itro so a ce ta n ilid e . This 
anomalous behaviour was a ttr ib u ted  to the bulk o f  the 
^ -su b stitu en t.
155Brydon and Gadogan*s in v estig a tio n  o f the reaction s
o f a number of ^ -su b stitu ted  d er iva tives o f N -n itrosoacetan ilid e
fa i le d  to  reveal any v/hich resembled c lo se ly  the decomposition
o f £ -t-b u ty l-N -n itr o so a c e ta n ilid e , although the formation of
3-acetoxybiphenyl (4.5n/l00m ) and m-carbethoxyphenyl acetate
(2*lE(/l00m ) su g g ested  some aryne p a r t ic ip a t io n  in  th e
decompositions of 2 - (N -nitro s oac e t amido)biphenyl and o-carbethoxy-
155N '-n itrosoaoetanilide. These same workers a lso  observed that 
the decomposition o f  N -n itrosoacetan ilid e  in  benzene in  the 
presence of 2 ,3 ,4 ,5 “’tetraphenylcyclopentadienone gave a much 
reduced y ie ld  o f b iphenyl, the major product being the benzyne 
adduct, 1 ,2 ,3 ,4-tetraphenylnaphthalene (24.7K/l00m ). The 
question therefore arose whether the absence o f ary l aceta tes  
from the products o f decomposition o f an acetylaryln itrosam ine  
was, in  f a c t ,  in d ica tiv e  of non-particip ation  by an aryne 
interm ediate.
In reaction s w ith 2,3,4,5"-tetraphenyloyclopentadienone the 
term *adduct* w i l l  be used to re fer  to the iso la te d  product, i . e .  
the 1 ,4 -ad d ition  product a fte r  lo s s  o f carbon monoxide (see  p .22 ).
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Chloro-N-nitro s oac e ta n i l i  de s
196Haworth and Hey reported that £-ohloro'“N -n itroso -  
ace ta n i l ide [m.p. 59^(deoomp.)] in  benzene elim inated oxides 
of n itrogen with the formation o f £ -o h lo ro a o eta n ilid e . More 
recen tly , hov/ever, a compound [m.p. 4^-7° (deoomp.)] was 
obtained from the n itro sa tio n  o f £ -ch loroaoetan ilid e  which 
decomposed in  benzene to  y ie ld  2-chlorobiphenyl (36nyi00m); 
£-ohlorophenyl acetate was reported to  be absent from the
155products. The nitrosamide used in  the present in v e s t ig a t io n , 
discussed  below, had m.p, 4^-7^ (decomp,)*
5-Chlor0- 1 ,2 ,3 ,4 —t e traphenylnaphthalene could not be 
detected  among the products o f decomposition o f £-ohloro-N - 
n itro so a o eta n ilid e  in  benzene in  the presence o f 2 ,3 * 4 ,5 - te tr a -  
phenylcyclopentadienone, while i t  was p o ssib le  to  show ( g . l . o . )  
that when phenyl azide was the arynophile, the amount o f  
adduct that vfould r e su lt  from 3-ohlorobenzyne did not exceed 
0.05n/l00m , Since 3-chlorobenzyne generated by d ia zo tisa tio n  
of 3-oh loroanth ran ilic  acid  formed the expected adducts with 
both 2,3 ,4 ,5-tetraphenyloyclopentadienone and phenyl az id e , 
i t  could be in ferred  that an aryne interm ediate did not 
p a rtic ip a te  in  the decomposition o f £ -ch loro-N -n itroso­
acet a n ilid e  in  benzene.
The y ie ld  o f 2-chlorobiphenyl (35#9m/l00m) from
o-ch loro-N -n itrosoacetan ilid e in  benzene containing phenyl
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azide was the same as that reported for the decomposition
H ide
196
155in  pure benzene, while the d etection  of ^ -oh loroacetan il
(2if*lK/l00m) was co n sisten t with Haworth and Hey^s observation  
that d en itrosation  could occur. 2-Aoetoxybiphenyl was not
"I I Q  " 1 1 ?d etected , in  agreement vfith Susohitzky* s suggestion * 
that flu o r in e  alone among the halogens i s  s u f f ic ie n t ly  la b ile  
to be d isplaced from the interm ediate aronediazonium acetate  
during the decomposition o f an acetylarylnitrosam ine * Certain  
d ifferen ces were apparent in  the reaction  with 2,3,4,5"" 
tetraphenyloyclopentadienone 5 the y ie ld s  o f 2-chlorobiphenyl 
(28*2pn/l00m) and o-ch loroaoetan ilid e (6.0m/l00m) were lower 
than vfith phenyl az id e , vfhile 2-aoetoxybiphenyl (3.9n/lOOm) 
and o-ohlorophenyl aceta te  (0,4Ey^l00m) were formed. The 
p a rtic ip a tio n  of 2 ,3 ,4 ,5-tetraphenyloyclopentadienone in  the 
reaction , a lb e it  not as an arynophile, was further in d icated  
by the consumption o f an appreciable quantity (33.7^/lOOm 
nitrosam ide) o f the d iene.
The decomposition o f both m- and £~chloro~N"-nitroso-* 
a ceta n ilid e  in  benzene containing 2,3,4 ,5~tG traphenyloyclo- 
pentadienone resu lted  in  markedly lower y ie ld s  o f the 
corresponding chlorobiphenyl (2 .8  and 5 *25m /l00m) and 
acetoxybiphenyl (O .l and 0.6m/l00m) than were obtained  
from the £-isom er. The formation of small amounts of 
m- and £-chlorophenyl a ceta tes (0*5 and 0.9m/l00m) may have
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been, as with the £ -n it r  os amide, a consequence o f the presence 
of the diene* In co n tra st, however, to  o-oh loro-N -n itroso-  
a c e ta n ilid e , the m- and £-isom ers formed aryne adduots with  
2 ,3 ,4>3-tetraphenyloyolopentadienone;
+ 0 
N(NO)Ac
PhC/
Ph
Cl Ph
Ph Ph.
Ph Ph
Ph
(I8.8m /l00m )
m m ) Ac
(2f..3n/l00m)
6-C hloro-l,2 ,3 ,A -tetraphenylnaphthalene was not detected  in  
the reaction  o f m -chloro-W -nitrosoaoetanilide,
N-Ni tr  os oao e t  a n i l i  do
155Although Brydon and Cadogan iso la te d  l,2,3)4"~tGtraphenyl" 
naphthalene from the reaction  o f N -n itro so a c e ta n ilide with  
2,3,^,5**'tetraphenyloyolopentadienono in  benzene, they noted
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th at triptyoono was not formed in  the reaction  with anthracene* 
Since i t  seemed p o ssib le  th a t Brydon and Cadogan^s re su lt  might 
merely r e f le c t  the in e f f ic ie n c y  o f anthracene as a benzyne 
scavenger, N-’n itrosoaootan ilid e  was allowed to  decompose 
in  benzene in  the presence of three very reactive  arynophiles*
1-Phenylbenzotriazole was not d etected  among the products o f the
reaction  with phenyl azide, the only compounds iso la te d  being
biphenyl (31 . 7%/lOOm) and £-terphenyl* and no 1,4-dihydro’-
naphthalene~*l,4~©ndoxido resu lted  from the reaction  with fur an.
Although the amount of benzene exceeded that o f fu r  an by a
fa cto r  o f  s ix ,  the y ie ld  o f biphenyl (l6*9m/l00m) was
appreciably le s s  than the y ie ld  o f 2-phenylfuran (22*6m/l00m),
i l lu s tr a t in g  the ease o f hem olytic su b stitu tio n  at p o sitio n
201two in  furan. Other workers have observed that the 
com petitive phénylation o f furan and benzene y ie ld s  approximately 
f i f t e e n  times as much 2«phenylfuran (and none o f the 3-isomer) 
as biphenyl. Even greater s e le c t iv i ty  was exh ib ited  by the 
phenyl ra d ica ls  in  the reaction  of N -n itrosoaoetan ilid e  
with 2,3-dim ethylfuran in  benzene, the major product being
2-benzyl-3-m ethylfuran:
195 •
Me — —  Me
PM(HO)Ac  ^Pli' CE , O GEg +  PbE
sK Me
PM
N/ \v
PhE
OH
( 7 , 4m/lOOm) ( 2 9 . 4m /l00m)
The benzyne adduot, l,if*"lliii®thyl~l,2f“*<31hydronaphthalone-l,4~ 
endoxide was not d etected .
The r e su lts  from the experiments with N -n itrosoaoetan ilide  
and the oh loro-N -n itrosoaoetan ilid es l e f t  l i t t l e  room fo r  doubt 
that an interm ediate d isp laying some arynoid p rop erties could 
be formed in  the decomposition o f other aoetylarylnitrosam ines 
as w ell as o -t-b u ty l~N ~n itrosoacetan ilid e , Since th is  
interm ediate had evidenced i t s e l f  only in  the presence of 
2 , 3 5*“tetraphenylcyd o p en tadienone, i t  was reasonable to  
question whether i t  was, in  f a c t ,  a true aryne, A fresh  
in v estig a tio n  o f the decomposition o f o-t-butyl-N^nitroso*- 
a o e ta n ilid e , in  which 3 -t-butylbenzyne had been diagnosed  
in  the absence o f an arynophile, and o f i t s  m^  and £-isom ers, 
was therefore deemed necessary.
196.
t-B u ty^ H -n itrosoaoetan ilid e s
D e o o m p o s i t i o n  o f  t ~ B u t . y l - * N » " n i t r o s o a o Q t a n i l i d e s  i n
Benzene, *■> The published inform ation re la tin g  to  the
decomposition o f  £-t-~butyl-N -n itrosoaoetanilide was d iscussed
e a r lie r  (p .62 ) ,  while in v estig a tio n s  o f the reaction s o f
and £ - t “butyl“N ~n itrosoaoetan ilid es have been confined to
th e ir  ap p lication  to  the syn th esis o f 3“ and 4 ""^ -b u ty l-  
153 154biphenyls,  ^ The most s ig n if ic a n t  r e su lts  from the 
present in v estig a tio n  o f the decomposition of the isom eric  
t-b u ty l-N -n itro so a o eta n ilid es  in  benzene ( 20ny^ m o f nitrosam ide) 
are reproduced in  Table 7 o v er lea f,
153 154In accord with the observations of other v/orkors * 
l i t t l e  2-t-b u ty lb ip h en y l (2 , 3n / l 00m) was formed by the 
decomposition o f  o -t-b u ty l-N -n itro so a ceta n ilid e  in  benzene, 
although 3  ^ and 4 -i-b u ty lb ip h en y ls (1 9 .4  and 36 ,i^ mi/lOOm) 
were, re sp ec tiv e ly , the major products from the m- and 
nitrosam ide8 .  A lov/ y ie ld  o f 2-t-butylb iphonyl would r e su lt  
i f  £ -t-buty lph en yl ra d ica ls  were not rea d ily  formed from 
o -t-b u ty l-N -n itro so a ce ta n ilid e , or , i f  having been formed, they  
were to  react in  some way other than by su b stitu tio n  of  
benzene. While i t  i s  tempting to suggest that the bulk  
o f the t-b u ty l group greatly  reduces the amount o f  
su b stitu tio n , experimental observations do not f u l ly  support 
such an explanation . Thus the decomposition o f
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Decomposition o f t-B u ty l-N -n itro so a ceta n ilid es in  Benzene
Product Y ield  (ir/lOOm nitrosam ide)
ortho me ta para
t-Butylbenzene 10.2 4 .2 5 .9
Biphenyl 5 .9 0 .5 0 .4
o-t-B utylphenyl acetate 57.8 0 0
m-t-Butylphenyl acetate 17 .4 7 .9 0
£-t-B utylphonyl ace ta to 0 0 0 .5
2 - t  -Butylbiphenyl 2 .5 0 0
3-t-B utylbiphenyl 0 19 .4 0
4-"t-Butylbiphenyl 0 0 5 6 .4
t-Bu ty la  c e t  a n i l i  de 0 .3 14.2 5 .8
Acoountance fo o f 
Ar in  ArN(NO)Ac 68.0 45.7 4 8 ,6
The symbol 0 in  th is  and succeeding Tables in d ica tes  that 
the product was not detected; the lim it  o f d e te c ta b ility  
i s  quoted in  the Experimental se c tio n .
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di-m -t-butylbenzoyl peroxide in  benzene -  a reaction  in  which
s te r ic  e f fe c t s  are not great -  affords 3 -t-b u ty lb ip h en yl
(65n / l00ra peroxide) in  a y ie ld  greater, but only by a fa cto r
o f two, than that in  which 2-t-b u ty lb ip h en yl ( 34m /l00m peroxide)
153i s  formed from the o -su b stitu ted  peroxide. In con trast, 
m -t-b u tyl-N -n itrosoaoetan ilide y ie ld s  e igh t times as much 
t-butylb iphenyl as does the £-nitrosam ide. A bstraction o f  
hydrogen from the solvent provides an a lte r n a tiv e , and le s s  
hindered, reaction  fo r  o-t-butylphonyl ra d ic a ls . Although i t  
i s  not recorded whether t-butylbenzene i s  formed in  the 
reaction s o f d i-o -t-b u ty lb on zoyl peroxide, i t  i s  undoubtedly 
an important product ( l 0 , 2m /l00m) o f the decomposition of 
o -t-b u ty l-^ -n itr o so a c e ta n ilide in  benzene. The phenyl 
rad ica ls re leased  by abstraction  o f hydrogen v/ould be 
expected to appear mainly as biphenyl -  a lso  a decomposition  
product (3 . 9m/lOOm) o f the nitrosam ide,
P h
Ar* + PhH  ^ Àrïï + Ph* ---------h»- Y  • '</   > Ph.Ph + RH
t-Butylbenzene (4 .2  and 5*9K/l00m) was obtained in  
sm aller, but s t i l l  s ig n if ic a n t , y ie ld s  from m- and £ - t -  
b u ty l-N -n itro so a ceta n ilid es , In these rea ctio n s, however, 
i t  was accompanied by minimal amounts of biphenyl (0 ,3  and 
0,4ii/l00m ), Might i t  be th at here there i s  some sp ec ies  
from which hydrogen can be abstracted  more rea d ily  than
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i t  i s  from the solvent ? Both o f these reactions are 
e s s e n t ia l ly  normal aoylarylnitrosam ine a ry la tio n sj assuming 
that Ruohardt and Freudenberg* s mechanism i s  op erative , two 
p o te n tia l hydrogen donors -  the arylcyclohoxadienyl ra d ica l 
and the arenediasohydroxide -  w i l l  be present;
ArN(NO)Ac stages  ^ Ar.N!N,O.N;N.Ar
Ar.Ph + Ar.NtN.OH <r
Ar«
ArH
Ar,N;N,0< + + 'Ar
PhH
ArH
A lo g ic a l extension  of th is  argument leads to  the conclusion  
that abstraction  products should gen erally  be formed in  the 
reaction s o f aoetylarylnitrosam ines* Unfortunately most 
published reports make no reference to  the presence or 
absence o f such products,
The formation o f t-butylbenzone (and o f biphenyl) in  
the decompositions o f the isom eric t-butyl-N -nitrosoacet*- 
a n i l ides in  benzene can therefore be ra tio n a lised  in  terms 
of ra d ica l ab straction , the hydrogen donor fo r  the
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^-nitrosanddo d iffer in g  from that fo r  the other isomers* As 
w il l  he seen la te r , however, th is  simple explanation may n ot, 
by i t s e l f ,  be s u f f ic ie n t .
Allowing that both 2-t-b u ty lb ip h en yl and t-butylbenzene  
are ra d ica l products, together they account for  only a fra ctio n  
o f the £-t~butyl-N “"n itrosoacetan ilid e, suggesting that rad ica l 
formation i s  but a minor course o f decomposition. In  
Ruohardt and Rroudenberg*s scheme, as applied to the 
deconposition o f th is  nitrosam ide, the rad ica l precursor would 
be the diazoanhydride formed by combination o f an o - t-b u ty l-  
phenyl d iazotate anion and an o-t-butylbenzonediazonium cation;
Provided the ions are formed, there i s  no s te r ic  reason why
they should not u n ite , and u ltim ately  y ie ld  the ary l r a d ic a l,
although the bulky su b stitu en ts w i l l  co rta in ly  lim it  the
p o ssib le  con figurations o f  the anhydride. A cru c ia l part of
152the scheme proposed by Perkins and h is  colleagu es fo r  
the decomposition o f N -n itrosoacetan ilid e  in  benzene i s  
the formation o f a chain-carrying n itroxido ra d ica l by 
attack  o f  a phenyl ra d ica l on the nitrosam ide. In the 
case o f  o -t-b u ty l-^ —n itro so a ce ta n ilid e  i t  can be seen 
from molecular models that such a reaction  would be
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subject to severe s te r ic  hindrance:
N = 0
N -A o
- ÎT— 0 *
A bulky su b stitu en t in  the ra-position might a lso  be expected
to encumber to some exten t formation o f the n itroxid e
radical* i t  w i l l  be noted that the y ie ld  of 3'~t-butylbiphenyl
from m -t-butyl*-N -nitrosoaoetanilide i s  considerably le s s  than
that o f  A -t-butylbiphonyl from the £-isom er. Attempts havo
been made to  study the decomposition o f £-t~butyl~N -nitroso'-
202& cetanilide in  the ca v ity  o f an e . s . r .  spectrometer.
The sig n a ls  observed have shown poor rep rod u cib ility  and no
d e f in ite  conclusion can y et be drawn as to the presence
or absence o f  a ra d ica l ch ain -carrier in  th is  rea ctio n .
That o -t~ b u ty l-N -n itrosoacetan ilid e  gave jo— and m—t~
butylphenyl acetates (37*8 and 17*An/l00m) but not the
_p-isom8r was in  agreement with the r e su lts  o f Cadogan and
Hibbert, although they obtained a rather lower to ta l  y ie ld
of ester (if6n/l00m). Formation of the m-acetate would seem
to require a dehydroaromatic interm ediate (but see "The 
203Ersatz Aryne" ) and i t  might be that the £-isom er i s  
formed in  the same way:
202,
"h ,ff(BTO)Ac
AcOH
CAc
On the other hand, i t  could be argued that the bulky
t-b u ty l group w il l  d irect attack  on 3"“t-butylbenzyno to
p o sit io n  one, y ie ld in g  ex c lu s iv e ly  m -t-butylphenyl a ce ta te .
I t  was not p o ss ib le  to  t e s t  th is  hypothesis d ir e c t ly  by
studying the addition o f a ce tic  acid to 3-'t-butylbonsyne,
but the reaction  o f  o-*bromo-t-*butylbenzene with sodamide
in  liq u id  ammonia was in v estig a ted . The re su lt  i s  shovm
109be low, together with that from other workers for  the 
corresponding reaction  o f o^bromotoluene:
GAc
R
Br
RI m i
R=Me 
Rsst—Bu
55
< 1 .4
45%
>98. 6%
The vast d ifferen ce between the r e la t iv e  y ie ld s  of the 
^ -su b stitu ted  a n ilin e s  can not be a ttr ibu ted  to d ifferen ces  
in  the e lectro n ic  p rop erties o f the two a lkyl groups and 
must therefore be a consequence o f s te r ic  in h ib itio n  of 
attack  at p o s it io n  two in  3-t-butylbenzyno, I t  thus 
seems probable th at most o f the £ -t-b u ty lph en yl acetate  
formed by the decomposition o f £ -t-b u ty l-N -n itro so -
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aoetan ilid e  in  benzene a r ise s  by a non-aryne mechanism, and
12 13moreover, since the in s t a b i l i t y  o f the aoetoxy rad ica l * 
e f f e c t iv e ly  precludes a homely t i c  pathway, the most p lau sib le  
mechanism i s  that in  which a carbonium ion i s  formed, p o ssib ly  
as part o f  an ion  pair:
ArN(ïïO)Ac —---- » Ar,i'ï:N,OAc %ArN  ^ OAc >Ar^  GAc —>ArOAc
An analogous mechanism can account fo r  the formation o f
m -t-butylphenyl aceta te  (7*9i»/lOOm) and £-t-b u ty lp h en yl
acetate (0,3^100m ) in  the reaction s o f the m- and £-n itrosam ides.
I t  i s  in te r e s tin g  to note th at the h ighest r a tio  o f
155e s te r  to b ia ry l found by Brydon and Cadogan in  th e ir  
in v estig a tio n  o f the reaction s o f o -su b stitu ted  a ce ty la ry l-  
nitrosam ines -  0 ,3 :1  fo r  2 - (N-nitrosoacetam ido)biphenyl -  i s  
only s l ig h t ly  greater than the r a t io  o f m -t-butylphenyl 
acetate to 3-t-b u ty lb ip h en yl (0 ,A :l)  formed in  the decom­
p o sit io n  o f m -t-b u ty l-N -n itrosoacetan ilid e*  In the la t te r  
ca se , however, the absence o f £ -t-bu ty lph en yl aceta te  
in d ica tes  that 4*“t-butylbenzyne i s  not an in term ediate, 
although p a rtic ip a tio n  by 3-t-butylbonzyne can not be 
discounted simply because no £ -a o eta te  i s  formed.
Reactions of  t - B utyl-N -nitro soacetan ilid es with  
Ruran in  Benzene, -  Table 8 ov er lea f contains some o f the 
information obtained from a study o f the reaction s o f the
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TABLE 8
Reactions of t-B u ty l-N -n itrosoaoetan ilid es with Ruran in  Benzene
Product Y ield  (ïi/lOOm nitrosam ide)
t-B utylb enz ene 
Biphenyl
GAo
Ph
\ \ /y ~V‘O
ArNHAo
Acoountance (% ) o f  Ar
orthn meta
mmssiirrmirfM. ‘..% i  1 .u r . '
para
3.5(10.2) 8 .7 (4 . 2) 5 . 8 (5 .9)
0.9(3.9) 0 . 3 (0 . 3 ) 0.1(0.4)
36.9(37.8) 0 (0 ) 0 (0)
m- 0 (i7.4) 9.0(7.9) 0 (0)
0 (o) 0 (0 ) 0 . 3 (0 .5 )
2- 3.0(2.3) 0 (0) 0 (0)
3- 0 (o) 11 . 2 (19 .4 ) 0 (0)
4- 0 (0) 0 (0) 18 . 6 (3 6 ,4 )
m- — — 7.0 - 0 -
£~ — — 0 - 1 6 ,6  -
5- 20.5 - 0  « H t . • M -
6— -  - 0 - 0 -
1.9(0.3) 13 . 1 (1 4 . 2) 8.7(5.8)
6 5 . 8 (6 8 ,0 ) 4 9 .0 (4 5 .7 ) 5 0 .0 (4 8 .6 )
Rigures in  parenthesis are y ie ld s  in  pure benzene*
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isom eric t-b u ty l-N -n itro so a o eta n ilid es in  benzene containing  
furan (2m/m nitrosam ide)* The y ie ld s  of products from the 
decomposition in  pure benzene are, where re lev a n t, included  
fo r  purposes o f comparison.
The addition  o f furan had an e f fe c t  on the decomposition  
of the m- and £-n itrosand des comparable with i t s  in flu en ce  
on the reaction  o f unsubstitu ted  N -n itro so a ceta n ilid o , v iz ,  
diversion  of some of the aryl ra d ica ls  from attack  on benzene 
to  su b stitu tio n  at p o s it io n  two in  furan. In each case the 
combined y ie ld  o f t-b utylb ip henyl and t-butylphenylfuran was 
sim ilar  to the y ie ld  o f t-b utylb ip henyl obtained in  pure 
benzene* The only other change o f note was an unexpected 
(and in exp licab le) in crease in  the y ie ld  of t-butylbenzene 
from m -t-b u ty l-N -n itrosoaoetan ilide *
o -t-B u ty l-N -n itrosoacetan ilid e  afforded the aryne 
adduot, 5“t-b uty l-l,4 -d ih yd ron aph th alon e-1 , 4-ondoxide 
(20,5n/l00m ), to  the exclu sion  o f m -t-butylphenyl acetate:
furan  j AcOE
'^OAo
In some resp ects these r e su lts  are enigmatic* The 
decomposition o f  benzenediazonium-2-earboxylate in  benzene 
containing benzoic acid  (l,5'~2,0n/m diazonium s a lt )  i s
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reported to give phenyl benzoate in  22-23^ y ie ld ,^ ^  Sinoo 
i t  has a lso  been shown that the y ie ld  of e s te r  i s  only s l ig h t ly  
dependent on the strength o f  the aoid,^^ i t  i s  reasonable to  
suppose th at phenyl acetate w i l l  bo formed in  sim ilar y ie ld  
from benzyne and a c e tic  acid in  benzene. The concentration  
o f acid  a t any in sta n t during the decomposition o f £ - t -b u ty l-  
N -n itrosoacetan ilid e i s ,  o f n e c e ss ity , low, and i t  might 
therefore be concluded that only a small proportion of the 
aryne generated i s  accounted fo r  by m -t-butylphenyl a ce ta te .
The y ie ld  o f 3 -"t-butyl-l ,4""iihydronaphthalene-l ,4-endoxide 
formed in  the presence o f furan -  an e f f ic ie n t  aryne 
scavenger -  i s ,  however, only s l ig h t ly  greater than the 
y ie ld  o f m -t-butylphenyl aceta te  produced in  i t s  absence. 
Further, any 'suggestion th a t the e s ter  i s  formed by a cage 
mechanism, or in  a concerted p rocess, must be examined 
c r i t ic a l ly  in  view o f the to ta l  absence o f m -t-butylphenyl 
acetate from the products when the diene i s  p resen t. The 
only ra tio n a l explanation appears to  be that a cage 
mechanism i s  operative in  pure benzene, but not in  
the presence o f the arynophile.
In contrast to  the reaction s o f the m- and £ -  nitrosam ides, 
o -t-b u ty l-N -n itro so a ceta n ilid e  gave a s l ig h t ly  increased  
y ie ld  o f t-b u ty lb ip h en y l, and a much reduced y ie ld  o f  
t —but ylb enz ene, vfhen furan was added to the benzene so lv en t.
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Might i t  be that in  the absence o f an arynophile, some 
3-t-butylbenzyne su ffers  reduction to t-butylbenzene ? The 
r e su lts  o f  the decomposition o f £ -t-b u ty l-N -n itro so a ceta n ilid e  
in  the presence of dienes other than furan should a s s i s t  in  
the search fo r  an answer to  th is  question.
Reactions o f t-B utvl-N —n itro so a ceta n ilid o s in  Benzene 
in  the presence of 2 ,3 ,4 ,5 ~ T e tr a p h e n y io y o lo p e n ta d ie n o n e On 
the fo llow in g  page, in  Table 9 , i s  a summary o f the important 
r e su lts  from the decomposition of o—, m-, and £ -t-b u ty l-N -  
n itro so a ceta n ilid e  in  benzene in  the presence o f
2 .3 .4 .5-tetraphenyloyolopentadienone,
The reaction s of m- and £ -t-b u ty l-N -n itro so a ce ta n ilid e  in  
the presence o f  2,3>4j5-tetraphenylcyclopentadionone were 
marked by large decreases in  the y ie ld  of t-butylbenzene  
and t-b uty lb ip h en yl, w hile the amounts o f e s te r  were greater  
than those formed in  pure benzene, Aryne adduots ( l2 .1  and 
12,lii/l00m ) were iso la te d  from both decom positions, that  
formed by m -t-b u ty l-N -n itrosoacetan ilid e being a mixture of 
3 -  and 6- t -b u ty i-1 ,2 ,3 ,4""tetraphenylnaphthalenes (3 .9  and 
6,3n/l00m  a fte r  p u r if ic a t io n ) . The products of the reaction s  
of both o f these nitrosam ides in  benzene, and in  benzene 
containing furan, point stron g ly  to the absence of aryne 
p a r tic ip a tio n , and suggest th at the adduots v/ith
2.3.4.5-tG traphenylcyclopontadienone are formed by a
208,
TABŒ 9
R éactions o f t-^Butyl-N*-nit!cosoaGetanilides with 
2,3<4<5"*^etraph0nyloyGlop0ntad ienone in  Benzene
Product
t-Butylbenzone
Biphenyl
GAc
Ph
ArNHAc
Y ield  (m/lOOm nitrosam ide) 
ortho mota para
3.2(10,2) 0.5(4.2) 0 . 3 (5 .9)
0.2(3.9) 0.1(0.3) 0 (0.4)
50.5(37.8) 0 (0) 0 (0)
0 (17.4) 17.2(7.9) 0 (0 )
£- 0 (o) 0 (0) 8 .7 (0 .5)
2- 2.6(2.3) 0 (0) 0 (0 )
3- 0 (0) 4 .6 ( i 9 .4 ) 0 (0)
4- 0 (0) 0 (0) 4 .8 (3 6 .4 )
5 - 34.2 - *3.9 -
6- — — 6.3* - 12.1 -
0.7(0.3) 17 . 1 (14 . 2 ) 5 .7 (5 .8)
\r 91.2(68.0) 3 4 .4 (4 5 .7 ) 3 1 . 6 (4 8 . 6 )
A fter p u r if ic a t io n 5 t o ta l  crude y ie ld ,  12*ln/l00m, 
Figures in  p arenthesis are y ie ld s  in  pure benzene.
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non-aryne mechanism, as may a lso  be the case with N -n itroso -
aoetan ilid e  and m- and £ -o h lo ro -N -n itro so a ceta n ilid es . Such
a mechanism may, in  ad d ition , be p a rtly  responsible fo r
the formation o f  ^-t-A )u tyl-l ,2 ,3  ,4""tetraphenylnaphthalene
(34*2rr/l00m) by o -t-b u ty l-N -n itro so a ceta n ilid e  in  a y ie ld
greater than that o f the adduot with furan (20,5m/l00m), I t
i s  reasonable to  look for a re la tio n sh ip  between the increased
y ie ld s  o f ester  obtained in  the presence o f 2 ,3 ,4 ,5 ^ ^ etra -
phenylcyclopentadienone and the formation of adduots; and
sin ce only one o f the p o ss ib le  isom eric a ceta tes i s
formed by both m- and p_-nitrosamides, there i s  further
reason to  doubt th a t an aryne interm ediate i s  resp on sib le .
The reduced y ie ld s  of t-butylbenzene, biphenyl, and t -
butylbiphenyl from the m- and £-nitrosam ides may be simply
explained by assuming that these products d erive, d ir e c t ly
or in d irec tly , from t-butylphenyl ra d ic a ls , and that the
ra d ica ls  react very rea d ily  with 2,3,4,5-tetraphenyicyclopenta"
dienone. Such an explanation i s  supported by the low y ie ld
o f biphenyl (l,>3n/l00m) formed in  the decomposition of
phenylazotriphenylmethane in  benzene in  the presence o f  
155the diene. I s  i t  not p o ss ib le , however, that introduction
of the arynophile a c tu a lly  suppresses the supply o f ary l
rad ica ls ? A s im p lified  form of Ruohardt and Freudenberg’ s 
125scheme, modified to  include a p ossib le  h e te r o ly tic
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route to  the aryl aoeta te« is  shovm  below;
ArN(NO)Ao
Ar**" OAo eIiArOAo
Ar.N;N.OAo
ArN^ O <—
Ar.N:N.O.N;N,Ar
Ar* + Ng + ‘O.NtN.Ar
severa l
stages
The ra d ica l precursor, the diazoanhydride, i s  formed by 
combination of an aryl diaz ot a te  anion and an arene diaz onium 
ca tio n , a t a rate (presumably) dependent on the concentration  
o f anion. The formation o f  ary l rad ica ls  would be impaired 
i f  e ith er  the anion or the re la ted  ary l d iazotate ra d ica l 
were removed in  some way -  such as by reaction  with 
2 ,3 ,4 f5""tetraphenylcyclopentadienone. Under those c ir ­
cumstances a larger  proportion o f  the arenediazonium cation  
(or the diazonium acetate ion  p air) might react by unimoleoular 
elim ination  o f n itrogen , w ith formation o f the e s te r . To 
t e s t  th is  th eo ry ,£ -t-b u ty l-N -n itro so a o eta n ilid e  was allowed  
to  decompose in  benzene in  the presence o f "Ualvinoxyl", 
vd.th which i t  was hoped to in tercep t the ra d ica l chain- 
ca rr ier . The r e su lts  shown below include those from a
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control experiment in  which no rad ica l in h ib ito r  was present; 
they d if fe r  l i t t l e  from those obtained e a r lie r  fo r  the 
decomposition o f £ -t-b u ty l-N -n itro so a o eta n ilid e  in  benzene, but 
are included fo r  purposes o f comparison since then a l l  three  
se ts  o f r e su lts  re fe r  to  the same sanple o f nitrosam ide, and 
to  id e n tic a l reaction  con d ition s.
’’Gralvinoxyl” (m/lOOm nitrosam ide) 18,8 4 .5 0 .0
Products (m/lOOm);
t-Butylbenz ene 1 .4 3 .1 4 .6
£-t-B utylphenyl acetate 1 .3 1 ,6 1.0
4-t-B utylb iphenyl 1 3 .1 2 6 ,3 3 0 .4
The y ie ld  o f e s ter  was increased by the presence of the rad ica l 
in h ib ito r , but the changes were not s u f f ic ie n t  to  provide 
convincing confirm ation o f the proposed theory. The marked 
decreases in  the y ie ld s  of t-butylb iphenyl and t-butylbenzene do, 
however, in d ica te  a common ra d ica l precursor fo r  both of these 
products, and lend support to  the suggestion of a non-radical 
route to  the e s te r . I t  i s  a lso  s ig n if ic a n t  that the combined 
y ie ld  o f b ia ry l and t-butylbenzene was reduced by an amount 
( 5 .6  or 20.5m/l00m) greater than the i n i t i a l  concentration  
o f ‘*G-alvinoxyl*' (4#5 or 18.8m/l00m). Even allow ing fo r  
complete consumption o f the in h ib ito r , and supposing th at
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every ra d ica l in tercep ted  would otherwise have formed e ith er  
t-butylbenzene or 4 -t-b u ty lb ip h en y l, i t  i s  c lea r  that each 
molecule o f "G-alvinoxyl" can account fo r  more than one aryl
ra d ic a l. These observations thus provide ad d ition a l con-
♦ 125firm ation  o f Ruchardt and Freudenberg*s p ostu late that
the phenyl ra d ica ls  from N -n itrosoacetan ilid e  are formed in
a chain process rather than by simple homolysis o f covalent
benzenediazoaoetate.
I t  was suggested e a r lie r  that the increased y ie ld  of
(fo r  example) £ -t-b u ty lp h en y l aceta te  from £-t-bu ty l-N ~n itroso '
a ce ta n ilid e  in  the presence o f 2 ,3 ,4 ,5-tetraphenylcyclopenta-
dienone might be r e la ted  in  some way to  the formation o f
adduct. While the e s te r  probably r e su lts  from the £ - t -
butylphenyl carbonium io n , i s  i t  conceivable th at the adduot
could a lso  be formed from th is  interm ediate ?
Ph
 ^ PhPh
-H , -GO
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Gloser examination o f the above scheme i l lu s tr a t in g  how 
6-t~butyl«l,2 ,3y4*“‘feQtraphenylnaphthalene (XIX) might be 
formed suggests that l^ f^ -t-b u ty lp h en y l)-2 ,3  A^triphenyl" 
naphthalene (XX) should a lso  be a product;
Ph
(xx)
The adduot iso la te d  from the reaction  o f £*~t-butyl—H- 
n itro so a o eta n ilid e  w ith 2 , 3 > 4 traphenylcyclopentadienone 
had been id e n t if ie d  as (XIZ) and was subsequently shown to  
be id e n tic a l to  6-t-butyl-l,2,3#4"*totraphenylnaphthalene  
prepared from an authentic source of 2|,-t-butylbenzyne. 
2-(£-t-B utylphenyl) -3,4^ 5*-triphenylcyclopentadienone 
having been syn th esised , adduot (XX) v;as obtained from i t s  
reaction  w ith benzyne* I t  was then p o ssib le  to  e s ta b lish  
by i . r ,  spectroscopy (p* 14,7 ) that the crude adduct from 
the reaction  o f  £-*t-bu tyl-N -n itrosoaoetanilid e vfith 
2 ,3 j4,3-tetraphenyloyclopontadienone contained no
-butylphenyl) -2 ,3  ,if-triphenylnaphthalene o f
(xx) in  the crude adduot, corresponding to a y ie ld  o f  
0.33c/l00m , would have been d etected ]. I t  may be 
concluded that an aryl carbonium ion  i s  not responsib le
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fo r  the formation o f the 2,3f4j5~''tetraphenyloyolopGntadiGnone- 
adduot by £-t-butyl--N *~nitrosoaoetanilide; and sin ce the 
presence of a t ‘-butyl group in  the ^ -p o sitio n  i s  u n lik e ly  
to  have a great e f f e c t  on the reaction  of N «n itrosoaoetan ilid e, 
th is  conclusion i s  most probably v a lid  fo r  the unsubstituted  
nitrosamide as w e ll,
155Brydon and Cadogan found th a t, unlike N -n itrosoaoet­
a n ilid e , phenyl ra d ica l sources such as phenylazotriphenyl­
methane and dibenzoyl peroxide do not give 3 ,2 ,3 ?4*^ tQ’fcra- 
phenylnaphthalene in  th e ir  reaction  with 2 ,3 ;4 ,3 “*fcetra- 
phenylcyclopentadienone, At f i r s t  sigh t these observations 
might appear to exclude the p o s s ib i l i ty  that phenyl ra d ica ls  
are responsib le fo r  the formation o f 1 ,2 ,3 ,4 -te trap h en y l-  
naphthalene by N -n itro so a ceta n ilid e , I t  i s  w ell known, 
however, that benzoyloxy ra d ica ls  can react with aromatic 
substrates such as naphtha3.ene^^^ and anthracene^^^ more 
rapid ly than they fragment to  phenyl rad ica ls  and carbon 
dioxide ; the p o s s ib i l i t y  th a t phenyl ra d ica ls  do not r e su lt  
from the decomposition o f dibenzoyl peroxide in  benzene 
containing 2 ,3> 4,3“*’tetraphenyloyolopentadienone can n o t, 
th erefore , be ignored, e .g ,
Ph Ph
s _ Ph. Ph( P h 0 0 2 ) g  PhC O - ----- - - - - - - - - - - - - > y . ) /
PhCOg S
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This i s  not the case with phenylazotriphenylmethane, but 
here the reso n a n ce-sta b ilised  triphenylm ethyl ra d ica ls  
might conceivably cause com plications, e .g .
p, Ph Ph Ph PhPh Ph Ph
Ph*N;N.CPh:. ----  ^ +  , %  ^  ^
Ph n * Ph Ph  ^Ih O .  k  H 'GPh^
Xt was argued that the adduct formed by £ -t-b u ty l-N -n itr o so -  
a cetan ilid e  would be a mixture o f isomers were an aryl 
carbonium ion  the interm ediate; eq u ally , two products 
should r e su lt  from an a ry l-ra d ic a l (or aryl-carbanion) 
mechanism. The absence of l- (£ -t-b u ty lp h e n y l)-2 ,3 ? 4 -  
triphenylnaphthalene from the products of the reaction  
of £ -t~b u ty l~ N -n itrosoacetan ilid e with 2 ,3 ,4 ,5~tG traphenyl- 
cyolopentadienone thus provides valuable confirm ation that 
phenyl rad ica ls are not resp onsib le fo r  the adduot formed 
by N -n itrosoacetan ilid e*
I f  the adduct formed by N -n itrosoacetan ilid e  with  
2,3^4j5-tetraphenyloyolopentadienone does not a r ise  through 
intermediacy o f true benzyne, nor y et v ia  a phenyl ra d ica l, 
carbanion or carbonium io n , i t  i s  probable that the rea ctiv e  
sp ecies s t i l l  contains nitrogen* A p o ssib le  interm ediate  
i s  the dipolar sp ec ies (XXl) formed by removal o f an 
£-proton from the diazonium cation* In the scheme shown 
below, the equilibrium  between the cation  and i t s
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conjugate base would be w e ll to  the l e f t ,  and might become 
apparent only when some molecule such as 2 ,3 ,4 ,5 ~ te tra ~  
phenyloyolopentadienone were present in  the system to  
remove the dipolar sp ec ies rap id ly and irreversib ly*
pm(m)Ao Pii,H:îT,OAo 1
1' normal pr o duet s *
•I-
PhN 0
-I"
2 -OAo
(or PhKO )
(XXI)
AoOH
(or PhNgOIl)
( ! 2
■■V.,
(x z i)
Ph
Ph
I t  i s  noteworthy th a t the only other arynophile th at has
been found to  form an adduot with N ~nitrosoaoetan ilide in
155b eng ene i s  l,3"*diphenylisobengofuran, which lik e  
2 ,3 ,4 f5""tetraphenylcyclopentadienone, i s  a h ighly p o la r isa b le  
m oleculeÎ
-N ( 14m/l00m)
Ph Ph
The m erits and lim ita tio n s  o f  th is  and any other p ossib le
scheme can be a ssessed  only in  the l ig h t  o f the a v a ila b le
inform ation r e la t in g  to the reaction s of acylarylnitrosam ines
w ith 2 ,3 ,4,3"-tetraphenyloyolopentadiGnone; th is  i s
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suimnarised below: 
PbN(NO)GOR Solvent Y ield  o f
1 . R = Me Benzene 25
2. Me 21
3 . Me ï e  trahydro furan 2 3 .8
4 . Me Furan 0
5 . Me Pyridine 0
6 . £-Cl.GgH^“ Benzene 37
7 . £-Gl.CgH^- 37
8 . CCI,4 29
9. ^-NOg.CgH^- CCI,4 14
Ij(NO)CO.CgH . C l(£) R Ph
R -"W WL ^ P h
Ph
10. R = £-Br Benzene 0
11. o-Br 0
12, m-*Br Benzene 73
13. m-Br 70
14. £-Dr CCI,4
15. m~Me CCl^ 21
l6 . ^-Me CCl^ -
17. m-NOg CCI,4 63
18. E-WOg CCI,4
0
0
4
12
1
0
0
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R.OgH ,N(NO)Ao
19. R = o**Gl Benzene 0 —
20. m-Cl Benzene 18,8 0
21. 2 - 0 1 Benzene *• 4 .5
22. t£-Bu Benzene 34.2 -
23. m~Bu Benzene 3 .9 6 ,3
24. _ t  £-Bu Benzene "• 12 .1
(Experiments- 19-24 are desoribed in  th is  th e s is ;  the 
other r e su lts  are due to  Brydon, Cadogan and ïhomson.^^^’^  ^ ) ,  
Several p oin ts which emerge from these r e su lts  merit a tten tion :
i )  A p artioh lar aoylarylnitrosam ine produces a sim ilar  
y ie ld  o f  adduct in  benzene and in  carbon te tra ch lo r id e , 
suggesting a common mechanism in  the two so lvents ( l ,2 ;  6 ,7 ;  
10,11; 12,13).
i i )  The y ie ld  o f  1 ,2 ,3 ,4-tetraphenylnaphthalene depends 
on the nature o f the acy l group, but i s  not simply re la ted
to  the base strength o f the aoylate anion ( 2 ,7 ,8 ,$ ) ,
i i i )  An acylarylnitrosam ine with an electron  a ttra ctin g  
o-su b stitu en t in  the a n ilin o  moiety does not form an adduct 
vdth 2 ,3 ,4 ,5 ‘^ tetraphenylcyolopentadienone (lO ,11 ,1$) •
Since the adduct from £-t*hutyl*-N-nitrosoao0ta n ilid e  a r is e s ,  
in  part a t le a s t ,  from a true aryne, no gen era lisa tio n  can
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be made about the e f fe o t  o f  +I ^ -su b stitu e n ts ,
iv )  An acylarylnitrosandne w ith a ^ -su b stitu en t in  
the a n ilin o  moiety (14 ,16 ,18; 21,24) y ie ld s  le s s  adduct 
than the corresponding unsubstitu ted  compound (7; l ) .
v) A m -substituent in  the a n ilin o  moiety exertin g  
a - I  e f fe c t  (l3 ,17>20) causes the formation o f only one 
adduct, corresponding to  the 3“SUbstituted benzyne, in  a 
y ie ld  greater (m-Br, m-NO^ ) or le s s  (m-Cl) than the y ie ld  
of adduct from the unsubstitu ted  nitrosam ide,
v i)  Both o f the p o ssib le  adducts are formed by n itro*
8 ami de 8 with a +I m -substituent in  the a n ilin o  moiety ( l3 ,2 3 ) .
v i i )  1 ,2 ,3 ,4"^otraphenylnaphthalene i s  not formed in  
furan (4 ) ,  where normal ra d ica l products r e s u lt ,  or pyridine  
( 5 ) ,  where phenylpyridines are not obtained e ith e r ,
v i i i )  The presence o f a trace o f water causes reaction
1566 to  proceed as i t  would in  the absence o f the arynophile.
The mechanism under consideration  would give r is e  to  a 
y ie ld  of adduct dependent on the e f f ic ie n c y  w ith which the 
aoylate (or d iazota te) anion could remove a proton from the 
^ -p o s it io n  in  the diazonium ca tio n , in  com petition w ith the 
combination of d iazotate  and diazonium io n s . The r e su lts  
presented above, although lim ited  in  th e ir  acopo, permit 
o f few g en era lisa tio n s , and w i l l  not rea d ily  be f i t t e d  to  
any reaction  scheme. In favour of the postu lated  mechanism.
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which in volves the reaction s of a o y la te , d iazotate and
diazonium io n s , i t  can be sa id  th a t  i t  i s  not incom patible
with the observed s e n s it iv i ty  o f the y ie ld  o f adduct to  small
changes in  both the ary l and acy l groups in  the a oy lary l-
nitrosam ine. On the other hand, i t  has been shown that the
diazonium ions in  arenediazonium fluoroborates do not y ie ld
adducts with 2 ,3 ,4 ,5-tetraphenylcyclopentad ienone when
treated  with such strong bases as sodium methoxide and butyl—
lith iu m , although side reaction s between the ketone and the
155base probably occur here.
A  f in a l  p o s s ib i l i t y  that must at le a s t  be considered i s  
that N -n itrosoacetan ilid e  forms true benzyne in  the presence 
o f 2,3,4,5"""ketraphenylcyolopentadienone or 1 ,3 -d ip h en y liso -  
benzofuran. The D iels-A ld er addition  of d ie th y l azod i-  
carboxylate to  d ienes i s  w ell e sta b lish ed , and severa l 
c y c lic  azo compounds are reported to behave s im ila r ly ,
An analogous rea ctio n  might, perhaps, occur when a very  
reactive  diene i s  present during the decomposition of 
N -n itrosoacetan ilid e:
PhN(NO)Ao --------) Ph-N=N-OAo
H— N
'^OAo
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Sinoo the bensjenediazoaoetate formed by rearrangement o f  
N -n itrosoaoetan ilid e i s  the tran s-isom er (p .2^ 8) the addition  
product would probably a lso  have the trans-con figu ration . 
While the reaction  o f a diene vd.th the diazoacotate may be 
considered a reasonable p o stu la te , any attempt to  extend 
th is  idea to  benzyne formation i s ,  a t b e s t , sp ecu la tiv e , e .g .
Ph Ph
G--GH
Ph Ph
Ph U  \ p h
IT— N/
0
c
E— 'OE.
E— K
N— M
\f-T 4t n /
Formation o f t-B utylbenzene. -  Introduction of 2,3,4,5"  
tetraphenylcyclopentadienone to  the decomposition o f m- 
and £ -t-b u ty l- |î-n itro so a o 0ta n il id e s  in  benzene g rea tly  
reduces the y ie ld s  of t-b uty lb ip henyl and t-butylbenzene. 
I f ,  as seems probable, th is  i s  a consequence o f the diene 
in tercep tin g  ary l ra d ica ls  (rather than preventing th e ir
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gen eration ), i t  i s ,  perhaps, surprising that the y ie ld  o f  
2-t-b u ty lb ip h en yl from the o-nitrosam ide i s  not diminished  
by 2 ,3 ,4 ,5"*tetraphenyloyolopentadienone . A simple 
explanation i s  to suppose that the rad ioal-d iene reaction  i s  
such as to  be subject to  severe s te r ic  hindrance in  the
case o f  o-t-butylphenyl r a d ic a ls , fo r  example:
Ph Ph I'h Ph
Ph. M  / hAr * 4 Ph(/ J3P h —> ---------  ^u n id en tified
Tl fT products0 0
Since the y ie ld  of 2-t-b u ty lb iph en yl i s  not reduced by addition  
of the arynophile, i t  would be reasonable to expect that the 
formation o f  t-butylbenzene from o-t-butylphenyl ra d ica ls  
would not be suppressed e ith e r . The y ie ld  o f t-butylbenzene  
(3#2iiy^l00m) i s ,  hovjover, considerably lower in  the presence 
o f  2 ,3 ,4f5-tetraphenylcyclopentadienone than in  i t s  absence* 
and moreover, i t  w i l l  be reca lled  that a very sim ilar  r e su lt  
was observed for  the reaction  with furan in  benzene. There 
i s  therefore good reason to  suppose that only part {3^3»3^V  
100m) o f the t-butylbenzene formed in  the decomposition 
o f ^ -t-b u ty l-N -n itro so a ce ta n ilid e  in  benzene r e s u lts  from 
ra d ica l ab straction . How, then , i s  the remainder (ca , Jm / 
100m) formed ? Since in  the presence of an arynophile 
t h is  part i s  no longer produced, the c lear in d ica tio n  i s  
su rely  that 3-"t-butylbenzyne i s  resp on sib le , although 
such a reduction o f  an aryne interm ediate has no known
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precedent. In an attempt to  c la r ify  the mechanisms by 
which t-butylbenzene i s  formed by £ -t-b u ty l-N -n itr o so -  
aceta n ilid e  on the one hand, and the m- and ;£-nitrosamides 
on the other, the follovfing decompositions were examined:
a) o -t-b u ty l-N -n itro so a ceta n ilid e  in  benzene-dg,
b) £ -t-b u ty l-N -n itro so a co ta n ilid e  in  benzene-d^,
c) o -t-b u ty l-N -n itr o so -2 ,2 ,2 -tr id o u ter io a ce ta n ilid e  in  benzene,
d) p ^ -t-b u ty l-g-n itr080-2, 2 , 2 -tr id eu ter io a o eta n ilid e  in  benzene* 
The y ie ld  o f  t-butylbenzene was in  no case s ig n if ic a n t ly  
d iffe r en t from that obtained in  the corresponding experiment 
without deuterium la b e ll in g . Mass spectroscopic examination
of the t-butylbenzone,  comparing the abundancies o f the ions 
w ith ii/e  134 ,135  e t c ,  in d ica ted  the follow ing compositions:
Percent bv weight of *^10^12^2
Reaction a) 95.4 4.5 0 .1
1:) 6 9 .0 3 0 .7 0.3
0) 9 2 .6 7.3 0 ,1
a) 97.9 2 .1 0 ,0
When the ca lcu la tio n s were repeated on the ions with n /e  
1 1 9 , 120 , e t c , ,  corresponding to  the lo s s  o f a methyl group 
from the t -b u ty l group, the s im ila r ity  o f the r e su lts  
in d icated  that s ig n if ic a n t  incorporation of deuterium 
had been r e s tr ic te d  to  the aromatic nucleus.
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The immediate oonolusion to  be drawn from these  
r e su lts  i s  that most o f the t-butylbenzene formed from 
e ith er  o-* or £ -t-b u ty l-N -n itro so a o eta n ilid e  contains 
hydrogen derived n eith er  from the so lvent nor from the 
acy l group in  e ith er  the nitrosam ide or i t s  decomposition 
products* The source o f  hydrogen must, in  that ca se , be 
the t-b u ty l group or the aromatic nucleus o f  the nitrosam ide, 
or products derived therefrom. An a ltern a tiv e  explanation  
i s  that deuterium has been replaced by protium during the 
is o la t io n  of t-butylbenzene. I t  should, hov/ever, be 
noted that n eith er  mineral acid  nor strong base were ever 
present; that a c e tic  acid was n eu tra lised  before d is t i l la t io n  
o f  the reaction  mixture; that the temperature during 
d is t i l la t io n  and preparative g , l , c ,  never exceeded l 60°; 
and that g , l , c .  made use o f g la ss  columns with on-column 
in je c t io n  o f the sample. Extensive isotope-exchange would 
not be expected to occur under such con d ition s. Even le s s  
probable i s  that replacement o f protium by deuterium 
could cause a major change in  the mechanism of formation 
of t-butylbenzene without having an appreciable e f f e c t  
on i t s  y ie ld .  Thus the p o s s ib i l i t y  that (for  example) 
benzene acts as a reducing agent but benzene-dg doos n o t, 
requires no furth er con sid eration . The extraordinary
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r e su lts  o f these experiments must be viewed ?d.th susp icion  
u n t il  extensive oontrol-experim ents confirm or deny th e ir  
v a lid ity *
Mechanism o f Decomposition of o-t-^Butyl-N-nitrosO"- 
a o eta n ilid e*-» Cadogan and Hibbort^ suggested that the 
anomalous behaviour of £-t-butyl-N *“n itro so a ce ta n ilid e  was 
a consequence o f the bulky £ -su b stitu en t causing the nitros-» 
amide to  rearrange to  the o i s -  (rather than the usual trans»*) 
d iazoacetate . Three p o ssib le  routes to 3*-t«butylbenzyne 
were suggested:
*0Ao -f N
OAc
OAc 4- 11,
-h AoOH
Of these path (a ) ,  involv in g unstable acetoxy r a d ic a ls , i s  the 
le a s t  probable. The r e su lts  of these novf in v estig a tio n s  
do not greatly  a s s i s t  a choice between the other p o s s ib i l i t i e s ,  
although path (c) can be re a d ily  accommodated in  one of the 
schemes already considered to account fo r  the formation 
o f an adduct by N -n itrosoacetan ilid e  with 2 ,3 ,4 ,5 -tG tr a -  
phenyloyolopontadienone, i . e .
226 .
KîM.OAo + «- Ng OAo
PhNpO
norm a l pr o duot s
AcOH
Vadduci;
The o-t^-hutylbonzenediazcniuin oation  (or Ita  conjugate base) 
w il l  undoubtedly bo subject to  considerable s te r ic  s tra in , 
and might consequently elim inate n itrogen rap id ly  and 
ir rev ersib ly ;
" I *  • -OAo
+ N t  AoOH
normal products
£*-t«Butylphenyl carbonium ion s would be formed in  the 
major reaction  path , and th e ir  subsequent reaction  with  
aceta te  ions (p o ssib ly  as ion p a irs) could r e su lt  in  
£-t-b u ty lp h en y l acetate or 3-t-butylbenzyne, S ter ic  
in h ib itio n  o f the combination o f the ions might make 
the a ltern a tiv e  p roton-transfer reaction  a more favoured
JOAo
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process than would otherwise be the case*
In conclusion , b r ie f  reference must be made to  the 
remarkable (formal) s im ila r ity  between the decomposition o f 
o-t-^ bu ty l-N -n itrosoacetan ilide, giving £-t-bu ty lp h en yl acetate  
and 3-.t-butylbenzyne,  and the decomposition o f a c y la lk y l-  
nitrosam ines such as N -oyolohe^yl^-^nitrosoacetamide having
207a secondary a lk y l group, e .g .
N:HoOAc OAc
46 36 m/lOOm
I t  i s  in te r e s t in g  to  speculate as to  the p o s s ib i l i ty  o f the 
presence of a bulky su b stitu en t in  the £ -p o s it io n  causing  
N -n itrosoaoetan ilid o  to  behave, in  part at le a s t ,  l ik e  an 
aoy la lk y ln itro  samine *
2 .5 -D i-t  - buty l'4!T-n itr  o soaoetani l i d em w M  * mi !■! ,# # # * # #  114 ' W,'wK . m  ma 'w .wKa m c # — mvmtrrmi'i'mim
The behaviour o f  2 ,3~â.i-t*-butyl-N -nitroso a o eta n ilid e , 
which contains a t -b u ty l group ortho to the nitrosam ide 
fun ction , might be expected to  resemble that o f £ -t-bu ty l-N ' 
nitroSoaoetan ilide*  Moreover, in  view o f the appreciable 
amount o f e s te r  afforded by m -t-b u ty l-N -n itrosoaoetan ilid e , 
i t  v/ould not be surprising i f  hero, where there i s  a lso  
a t-b u ty l su b stitu en t meta  to  the N-nitrosoacotamido group, 
a very high y ie ld  o f 2 , 5“d i-t-b u ty lp h en y l aceta te  were
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to  be formed.
The p r in c ip a l r e su lts  from an in v estig a tio n  o f the 
decomposition of 2 ,5 -â .i-t-b u ty l-N -n itrosoacetan ilid e  in  
benzene, in  benzene in  the presence o f 2 ,3 )4 ,3 -te tra p h en y l-  
oyolopentadienone ( t .p . c . p , ) ,  in  benzene containing anthracene, 
and in  furan, are reproduced in  Table 10 on the fo llow in g  
page.
The absence of 2 ,3--d i-t-bu ty lb iphen yl from the products 
of decomposition o f  2 ,5 -d i-t-b u ty l-N -n itro so a o o ta n ilid e  in  
benzene, together w ith  the formation of e s te r  in  high y ie ld ,  
suggests that the anomalous behaviour o f o-t-butyl~*N- 
n itro so a ce ta n ilid o  i s  aooeatuated by introduction  of a 
second t-b u ty l group to  p o s it io n  f iv e .  £-D i-t-butylbenzene  
and a sm all amount o f biphenyl are therefore to  be expected  
among the products. Since a c e tic  acid  can give only one 
isomer by addition  to  symmetrical 3#^~di-t-butylbenzyne, 
there can be no in d ica tio n  o f the extent of aryne p a r t ic i­
pation in  the absence of an arynophile,
In tr  oduo tion  of 2,3^4# 3*-totraphenyloyclop ent adienone 
to  the system had an appreciable e f fe o t  only on the y ie ld  
of b iphenyl, which was, p red ictab ly , reduced. The absence 
o f 5 ,8 - d i - t - b u t y l - l ,2 ,3 ,4-tetraphenylnaphthalene might 
in d ica te  e ith e r  th at 3 ,^ -di-t-butylbonzyne was not formed, 
or th a t , having been formed, s te r ic  hindrance prevented
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TABffi 10t j j m m w -  m  i h  i i w  i * i  nw m
Reactions o f 2 ,5 -Di-t-b u ty l-N -n itrosoacetan ilid e
Product Y ield  (n/lOOm nitrosam ide)
Benzene Benzene + Benzene + Furan 
t .p .c .p ,
W irn jL *"# . j # # i ■'  III 1 !■ 11 II III»' r x  ir~ ■ i in  -1 ~1 r~ T ir m  nri i ir ta r  -1
£4D i-t-butylbenzene 7.8 8.4 5 .1 4.1
Biphenyl 1.3 0 0 —
2 ,3-"Di-t-butylphenyl acetate 79.0 7&.9 53.1 63.1
2,5 -D i-t-b u ty l biphenyl 0 0 0 —
1 , 4 -D i-t-b u ty ltr ip  tyo ene — - 15.8 -
2 , 5 "B i- t -b u ty la c e ta n ilid e 0 0 0 0
2,5  -D i-t-b u ty l-1 ,4-d ih yd ron ap h th alen e-l ,4-endoxide 
Aooountance (%) o f
29,7
Ar in  AtN(NO)Ao 86.8 85.3 74.0 96.9
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i t s  roaotion w ith the d iene. Molecular models demonstrate 
the severe s te r ic  s tra in  th at would "be present in  the adduct,
■f Ph
Ph
- f  PI. •+• Ph
l^if-])i*-t-butyltriptyoene (l .^Sny^lOOm) was iso la te d  from 
the reaction  o f the nitrosamide with anthracene in  benzene, in  
a y ie ld  considerably greater than that o f the adduct obtained
Qby Cadogan and Hibbert from the corresponding reaction  of 
o^t-butyl^M nitrosoacetan ilidG i In common vfith that reaction^  
however, the y ie ld  o f e s te r  was reduced by more than the amount 
o f adduct formed, while the quantity o f anthracene consumed 
(3 0 . 3n / l00m nitrosam ide) furth er suggests that i t  does more 
than act merely as an arynophile, The y ie ld  of £ ~ d i- t -  
butylbenzene (5.1n/l00m ) was lower in  the presence o f the 
diene than in  pure benzene, in d ica tin g , perhaps, that some 
jg»-di-t-butylbenzene can be formed through an aryne in term ediate. 
In the la s t  rea c tio n , where furan acts both as diene 
and as so lv en t, the y ie ld  of 3 # 8 -d i-t-b u ty l-l,if .-d ih yd ro-  
naphthalene-l,4--endoxido (29,7A/l00m) i s  probably a 
reasonable measure o f the ex ten t of aryne p a rtic ip a tio n  
in  the decomposition o f  2,5*“d i-t-b u ty l-N —n itr o so a ce ta n ilid e . 
E qually, the y ie ld  of £-d i-t-b u ty lb en zen e might conceivably
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in d ica te  the proportion o f the reduction product formed 
in  benzene v ia  a non-aryne mechanismj although the un­
expectedly high y ie ld  of 2,3""di-t-butylphenyl acetate  
(63*ln/lOODaj only le s s  than in  benzene) may
r e f le c t  a marginal change o f mechanism on passing from 
benzene to  a so lvent o f higher d ie le c tr ic  constant.
While th is  work was in  p rogress, remarkably sim ilar
pnQr e su lts  were reported by Pranck and Yanagi fo r  the 
d ia zo tisa tio n  o f 2 ,5 '-d i-t-b u ty la n ilin e  (with b u ty l n i t r i t e )  
in  benzene contain ing furan and a c e tic  acid ( l  equivalent);
Y ' ^
4319
+
14 m/lOOm
With diohloromethane as solvent the major product was 
2 ,5-di-t-butyloh lorobenzone :
il:4 - /  MI
Y
SCHgClg
Y
36
4"
29
OAo
22 m/lOOra
Replacement of a c e t ic  a c id  by 2,2-dimothylpropanoio acid  in  
the la t t e r  reaction  resu lted  in  a higher ra tio  o f adduct 
to  e ster  (i+.l:19n/l00m), while with th is  acid  in  diohloro­
methane in  the absence o f  furan, £-d i-t-butylbonzene
2 3 2.
.2 0 8(2Biï/l00m) was an important product, Franck and Yanagi' 
concluded that the unusual "behaviour o f 2 ,5 -d i- t -b u ty la n ilin e  
was a consequence o f  the presence of a bulky £ -su b stitu en t  
causing rapid elim ination  o f n itrogen  from the diazonium 
oation , but they did not d iscount the p o s s ib i l i ty  o f a 
hemolytic pathway to the ary l chloride*
ocor "iOCOR
+ RGOJ-Î
ClA
The e s te r  iso la te d  from an experiment with a m i n e a n d  
AcOD in  the presence o f furan contained very l i t t l e  
deuterium, co n sis ten t vd.th the observation made e a r lie r  
th a t a ce tic  acid  (or AcOD) competes unfavourably with  
furan for  a dehydroaromatio in term ediate.
1 ,A<-I)i-t-butyl-2,5'“di-(N-nitrosoaoGtaraido)benzene
Convincing evidence o f aryne p a rtic ip a tio n  in  the 
decomposition o f  2 ,3 ^ d i-t-b u ty l-N -n itro so a o eta n ilid e ,
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together with the high accountancy o f sta rtin g  m aterial
as id e n t if ie d  products, encouraged an in v estig a tio n  o f
the reaction s o f l,A -d i-t-h u ty l-2 ,5 ~ d i-(N -n itro so a ceta in id o )-
benzeno, in  which the tvm nitrosam ide functions both have
an adjacent t -b u ty l su b stitu en t. The rate determining step
in  the decomposition o f N -n itrosoacetan ilid e  i s  rearrangement
135of the nitrosam ide to  benzenodiazoacetate. Although no 
inform ation on the k in e tic s  o f subsequent processes was 
a v a ila b le , i t  seemed probable that the major course of 
decomposition o f the dinitrosam ide would be that in  which 
complete reaction  o f one N-nitrosoacetam ide su b stitu en t, 
giving products containing a sin g le  n itroso  group, were 
follow ed by reaction  of the second group. Support fo r  
the idea o f ( la rg e ly ) independent reaction  o f the n itr o ­
samide groups in  a dinitrosam ide was dravm from the 
observation that £-terp henyl r e su lts  in  high y ie ld  from the 
decomposition of £ -d i—(N—nitrosoacetam ido)benzene in  
b e n z e n e .E x t r a p o l a t i o n  of the r e su lts  from experiments 
with 2 ,5**â.i-t-butyl-N-nitrosoaoetan ilid e suggested th at  
the major product from the decomposition of 1 ,if .-d i-t-b u ty l-
2.3-di-(N -nitrosoacetam ido)bonzene in  benzene would be
2.3-di-t-butylhydroquinono d iaceta te  (X Z Il), formed in  
part v ia  an aryne. S ig n ifica n t y ie ld s  o f 2 ,3 -d i- t -b u ty l-
Sohemo X
P rediotod  Products (and y ie ld s )  o f the Decom position o f  
l , 4 “Di-t-*buty 1 - 2 , N- ni t ro so ac e t  ami do )henzene- in  Benzene
PK-PK
N(no)Ac
Ac(N0)f4
N(Ho)Ac AcO N(NO}Ac NiNo)Ac
j
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resoro in o l d iaoetate (XXIIl) and 2,5*"di-t-'butylphenyl acetate  
were expected, together with sm all amounts o f  £ -d i- t~ b u ty l-  
benzene and biphenyl. Scheme 1 i l lu s t r a t e s  these products, 
th e ir  pred icted  y ie ld s  (n/lOOm), shown in  parentheses, being  
ca lcu la ted  on the assumption th a t both N-nitrosoacetamido 
groups behave as in  2,5"*di-t-butyl*-W«^nitrosoacetanilide, and 
th a t a c e tic  acid  adds equally in  both d irection s to  an 
unsymmetrical aryne.
Independent reaction  o f the nitrosamide fun ction s should, 
in  the presence o f  an arynophile such as furan, load to  
products derived form ally from 1 ,4^di-t-butyldidohydrobenzene, 
e .g .
Of greater in te r e s t ,  however, vfould be the conséquences 
of e ith er  sim ultaneous, or consecutive but interdependent, 
reaction  o f the two N*-nitrosoacetamido su b stitu en ts .
The more important products detected  in  the reaction s  
o f l,4-^i-t-butyl-2,5*-di-*(N;-nitrosoaoetam ido)benzene in  
benzene, in  benzene containing anthracene, in  furan, and 
in  trans-*! ,2*"diohloroethylone are included in  Table 11 
o v er lea f.
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TABLE 11
Réactions o f l , 4 ”D l~t-buty 1 -2 ,5""dl-(ltoitrosoaoetam iclo)benzene
P roduct Y ield  (ir/lOOm) dinitrosam ide
PhH PhH 4- 
1^4^10
Furan tra n s-
%
pi-D i-t-butylb enzene 0 .0 0 0
Biphenyl 1 .2 0 —
2,3 ""Di-t ""buty Iphe ny 1 acetate 1,6 1 .2 2.7 2.6
2 ,5-bi«-t-butylhydroquinono 
d iaceta te 13.3 12.9 8 .5 13.2
2 ,3 -D i-t-b u tyIre soroinol d iaceta te 0 0 0 0
2 ,3""Di-t-butylbiphenyl 1 .7 1.0 —
2 ,3'"Di"-t-butylphenol 0.23 0 1 .3 0
A-Chloro-2,3-’d i-t-b u ty lph en yl 
aceta te •— — — 6.8
Ac count anco {%) o f the aryl moiety in  the dinitrosam ide 19.03 13.1 12.3 24.6
Scheme 2
A c d  N
NW0)Ac
Ac(N0)ï4
AcO
N. DAc
AcO
OAc
N^NOlAc
N^P40)Ac ?h *
PhH
V )f s
N* ÔAc
Ph-Ph
V ' k V
is; (n o )  A c
Pw
PhH
OAc PWH
PW» + PK
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The outstanding feature oomraon to  a l l  the reaction s i s  
the low accountancy ( le s s  than 2^^) o f the ary l moiety in  
the dinitrosamide hy id e n t if ia b le  products, 2 ,5 -D i-t-butyl"- 
hydroquinone d iaoetate was, as p red icted , the major product, 
but i t s  low y ie ld , together with the to ta l  absence of 
jg^-di-t~butylbenzone and 2 ,5 -d i-t-b u ty lr e so r o in o l d ia o eta te , 
c le a r ly  in d ica tes  that the two nitrosam ide fun ction s do not 
react independently.
Mechanisms in vo lv in g  ra d ica ls  and ions can, as shown in  
Scheme 2 , account for the observed products o f decomposition 
o f the dinitrosam ide in  benzene, without recourse to  aryne 
in term ediates, (Only when the rea c tio n s, d iscussed  la te r ,  
o f  4 -^0®'to^‘^ 2,5“d i-t-b u ty l-N -n itro so a o eta n ilid e  were 
studied  did the s ig n ifica n ce  o f a sm all amount o f 2 ,5-d i-t-«  
butylphenol become apparent), I t  i s  surprising that
2 ,5-di'^t-butylbiphenyl (l.ynyiOOm), not formed by the 
decomposition o f 2 ,^’“d i-t-b u ty l-N -n itro so a ceta n ilid e  in  
benzene, should have been d etected  among the products. The 
suggested paths to th is  b ia ry l and to  2 ,5 -d i-t-b u ty lp h en y l 
acetate require ab straction  o f hydrogen from the solvent 
by aryl ra d ica ls; biphenyl (l,2n /l00m ), formed from the 
r e su ltin g  phenyl r a d ic a ls , was d etected .
The only notable consequence o f  introducing anthracene 
to  the system was the elim ination  o f biphenyl from the
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products; and since fused p o lyoyolio  aromatic hydrocarbons 
are gen erally  very rea ctiv e  su bstrates in  homolytic rea c tio n s, 
th is  r e su lt  was not unexpected. An authentic specimen of 
6 ,1 3 -d i- t -b u ty l-5 ,7 ,1 2 , IZ^-te trahydro-3 ,lii*:7 ^ 12-di-£-benzeno- 
pentacene (XXV) was prepared, but th is  adduct could not be 
detected  among the products o f the reaction  o f the dinitrosam ide 
w ith anthracene.
B r- X
Br
^14^10 Br"'"^^.
H (XXV) H
The y ie ld  o f 2 ,3~di-t-butylhydroquinone d iaoetate (8,5n/l00m )
from the decomposition o f the dinitrosam ide in  furan v/as 
approximately one h a lf  o f the y ie ld  in  benzene, in v it in g  
speculation  that in  the absence of the d iene, some e s te r  
had been formed by way of an aryne, l,A ,6 ,9-T etrah ydro-  
an th raoene-l,if;6 ,9“-cLiendoxide (XXIV) was n ot, however, 
iso la te d ;  although lack ing an authentic specimen (whose 
attempted preparation, i l lu s t r a te d  below, had been un­
su ccessfu l) i t  T/as not p o ssib le  to  prove the absence 
of adduct (ZXrV*).
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Br
FuranBr Br
(XXIV)
5 ,8 -B i- t -b u ty l- l  ^ if^-dihydronaphthalene-l, 4-endoxide, which would
ariSG from one nitrosam ide function  forming an aryne and the
other being replaced by hydrogen, was not a product (0*2ir/l00m
would have been d etec ted ).
With the expected products being formed in  low y ie ld  or not
a t a l l ,  the question arose how, and through what in term ediates,
the decomposition o f 1 ,/f -d i- t-b u ty l-2 ,5 -d i- (N ’-nitrosoacGtamido)--'
benzene does proceed. In an attempt to  detect any unusual
interm ediates that might be formed, the dinitrosamide was
allowed to decompose in  tr a ^ -l,2 -d ic h lo r o e th y le n e . The y ie ld s
o f 2,5-di-t-butylhydroquinone d iaoetate and 2 ,3 -d i-t-b u ty lp h en y l
aceta te  were l i t t l e  d iffer en t from those in  benzene, and the
only is o la te d  product in to  which (part o f) the alkene was
unquestiouably incorporated was 4--chloro-2,5~di-t-butylphenyl
acetate (6,6ny^l00m), although i t  may w ell have provided the
hydrogen necessary fo r  the formation of 2 ,5 -d i~ t-b u ty l-
phenyl a c e ta te . The strength  o f  the C-Gl bond in  v in y l
210chloride i s  I04  k ca l. per mole, and although no inform ation  
i s  a v a ila b le , i t  i s  reasonable to  expect a sim ilar value
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fo r  1,2-diohloroethylQ no, Lacking evidence to  the contrary, 
i t  may be assumed that in  general a fr ee  rad ica l w i l l  add 
to  the double bond:
f  ClCH^rCHCl  ^ RCH-CHGl
Can ra d ica l abstraction  then be ruled out as a route to 
4 -ch lo ro -2 ,5 -d i-t-b u ty lp h en y l acetate? An argument sim ilar  
to that above loads to the conclusion , confirmed experim entally, 
th at ra d ica ls  w il l  i n i t i a l l y  add to , rather than abstract 
from, b enzene; y e t evidence fo r  abstraction  o f hydrogen 
by o-t*-butylphenyl ra d ica ls  has already been presented.
While ra d ica l ab straction  must be regarded as a p o s s ib i l i t y ,  
i t  seems more l ik e ly  that the carbonium-ion mechanism 
lead ing to 2 ,3-di-t-butylhydroquinone d iaoetate a lso  
produces if-"ohloro-2 , 5 **di~t-butylph0nyl acetate:
ArOAc
ArN(NO)Ao ^»Ar,N:N,OAo ArN  ^ OAo  ^ Ar*^  OAo
C1CH=CHC1
6+
ArCl + H0=CG1 + HOAo t-------------Ar----Cl----HC=C
/ C l
2kO.
N(1TO)Ao
Ao(NO)N
N(îTO)AcN(nO)Ao
Although ohloroaootylene and 1 ,4-'d i~t-butyl-2  ^ 5*~Aiohlorobenzono 
woro not is o la te d , noithor was th e ir  absonoo from the reaction  
products ostabliahod ,
Two assumptions had boon mado in  (in co rrectly ) pred ictin g  
the products o f decomposition o f l ,2 f -d i- t -b u ty l-2 ,5 “di»~(N- 
nitrosoacotamido)benzonG in  benzene; that the dinitrosamido 
would i n i t i a l l y  form 2^ .-a ce tox y -2 ,5 ~"di"-t-butyl-^-nitro soaoetan ilid e  
in  high y ie ld , and that th is  compound would then bohave in  a 
manner sim ilar to  2 ,5*" ii-t-b u ty l-N -n itrosoacetan ilid e*  Although 
tho f i r s t  assumption could not rea d ily  bo te s te d , i t  was 
p o ss ib le  to in v estig a te  tho second*
A-A cetoxy-2. 5~di - t -butyl-N - n i t r osoacota n ilid o  and p-Mila m im m m  m \  »mi n~n#Ti*r im J iT i*  *#ii u  i #1 m u # ' " T u r i f  iwiiiim n  r T r r n n r t r i i n n r ^ w x M i—^ n — i— —i w i i  i ####
Acetoxy-N-nitro soacotan ilido
There seemed l i t t l e  reason to doubt that the
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dQOomposition o f  4-”a-oetoxy-2,5"ii^‘fc**^ ’^fcyl-N-»nitrosoaootanilido 
in  bonzene vrould produce a high y ie ld  o f 2,5^ii*"t-butylhydro- 
quinone d ia ce ta te , and since an aryno would probably p a r t ic i­
p a te , 2 ,5-‘i i '“t-butylrG soroinol d iaceta te  was a lso  an expected
product:
AcO
A  _^H(NO)Ao
+A0OH
OAc
A o o ''" ^ ^ OAo
I n i t ia l  examination of the reaction  mixture suggested that 
no s in g le  product accounted for more than 0> o f tho rdtrosamide, 
the major product being the t o ta l ly  unexpected 2 ,5 ~ d i- t-b u ty l-  
2 -benzoquinone (5«8m/l00m)* 2 ,5 ’-I^i-t-butylphenol (5*ln/l00m) 
was formed, together with small amounts o f 2 ,5 - d i- t -b u ty l-  
hydroquinone d ia ce ta to , 2 ,5-"di-t-butylphonyl acetate and 
biphenyl (2*2-2*7iV^lÛ0m) , but 2 ,5 -d i-t -b u ty lr e  soroinol 
diacetato  could not be detected* I t  was e a s ily  shown th at  
under the reaction  conditions tho phenol could not p o ssib ly  
have resu lted  from h ydrolysis of 2 ,5 -d i-t-b u ty lp h en y l 
a c e ta te . Thus the do composition o f  4'~8,cetoxy-2,5'~di-t- 
b u ty l-N -n itrosoacetan ilid e  bears l i t t l e  resemblance to  that 
of 2 ,5 -d i-t-b u ty l-N -n itro so a o o ta n ilid e , tho acetoxy group
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in  p o sit io n  four exerting a marked in fluence on the reaction
o f the nitrosandâe fu n ctio n . Before considering a p o ssib le
mechanism fo r  th is  rea ctio n , a tten tion  should be given to
211Dewar and James* in v e stig a tio n  o f the formation o f  
polymers by thermal decomposition o f a ren e-l,4 -d ia zo -o x id o s. 
To minimise side reaction s they in v estig a ted  compounds such 
as 3,5~dibrom obenzeno-l,4~diazo-oxido, in  which the rea ctiv e  
p o sitio n s  ortho to  oxygen were blocked# They deduced that  
in  aprotic so lvents tho f i r s t  step was elim ination  o f  
nitrogen  with formation of a d irad ica l;
Br Br
0
Br Br J n
Nitrosobenzcne was d etected  among the products o f decom­
p o sitio n  in  benzene containing nitrobenzene (but not in  pure 
nitrobenzene) and evidence was obtained fo r  the formation 
of 2 , 6-dibromo-2 -benzoquinone, The mechanism shown in  
Scheme 3 over lea f was suggested*
Any attempt to  r a t io n a lise  the formation o f the products 
observed in  the decomposition o f  4*-aoGtoxy*-2,3'“d i- t -b u ty l-  
N -n itrosoacetan ilid e  in  benzene must be sp ecu lative sin ce  
together they account fo r  le s s  than 20>  o f the nitrosam ide, 
and m i^ t  be merely by-products o f the major reaction  path, 
Schemo 4 overleaf , though incom plete, seems p lausib le*
Scheme 3
Br
PU MO.
Bv By
HO
OH
Ô
PK
+ PKNO
Scheme 4
4
AcO
N“M*'OAc
AcO
PHU
AcO
AcO
N* OAc
Ckxvi)
f  Pk-Ph
AcO
^  OAc
*
■3>
O
(xxvin)
PKH
S u b st itu t io n  
in  PhH and f  PK"PH high m olecular— 
w eight products..
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The formation o f 2 5^ -cl.l-t-'butylphenyl acotato together with  
biphenyl i s  analogous to  the production of (some of) the 
2 -di-t-butylbenzQ ne in  the decomposition o f 2,5*"di“t -b u ty l-  
N -nitrosoa cat a n il id e . D éacylation o f e ith er  diazonium (XXVX) 
or carbonium (XXVIl) ion s would r e su lt  in  a ce tic  anhydride, 
which was detected  (70- 90n / l00m) by g . l . o .  Much o f the
d ira d ica l (3QCVIII) and the diazo-oxido (XXIX) would end up as high
molooular-woight m ateria l, although abstraction  by the rad ica l 
may be encouraged by the bulky t-b u ty l groups* While 
benzene could act as a source of hydrogen, the id e n tity  of 
the ox id isin g  agent necessary fo r  quinone formation i s  not 
obvious.
An attempt was mado to obtain  a higher accountancy 
of startin g  m aterial by allowing 4 ’*acetoxy-2 ,5 -d i-t-b u ty l-W -  
n itrosoaoetan ilid o  to  docompose in  cyclohoxane. As the
r e su lts  (p* 177) in d io a to , th is  was only marginally su ccessfu l
and provided no furth er u sefu l inform ation, although the 
task  o f is o la t in g  the decomposition products, and hence of 
confirming th e ir  id e n t i t ie s ,  was somewhat s im p lif ied ,
A b r ie f  in v estig a tio n  o f the decomposition o f £ -acetoxy -  
N -n itrosoacetan ilid o  in  benzene, looldlng p a rticu la r ly  for  
any evidence o f d éacy la tion , was undertaken, 4""'^ 0Gto%y- 
biphenyl (39*4®/l00m) was the major reaction  product, and 
w hile n eith er phenol nor £-benzoquinone were d etected .
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the formation o f 4 *-kydroxy‘biph0nyl (2,0n/l00m ) indioatod that 
some déacylation  had occurred*
A cO ''*''^^
OAc
AoO"^s:>^
AoOE
+ ACgO
.............. ......................... ' . ............................ -V
high m olecular—
I weight products ^ -------------------------------------
PhH
AcO'- HO' HO
Ace t a n ilid e  (67n/lOOm nitrosam ide) resu lted  when a n ilin e  was 
added to  the reaction  m ixture, suggesting that a large  
proportion o f the nitrosam ide had, in  f a c t ,  reacted hy way 
o f déacylation . The d etection  o f so l i t t l e  deaoetylated  
product, in  contrast to  the decomposition o f 4 -ao0toxy-2 ,5”“ 
d i-t-h u ty l-N -n itro so a o e ta n ilid e , probably r e f le c t s  the great 
r e a c t iv ity  o f b en zene-1 ,4-d iazo-oxide, The diagram below 
i l lu s t r a t e s  the (p o ten tia lly )  important e f fe c t  o f the presence 
o f t-b u ty l groups in  the d iazo-oxide;
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t e r io
Ixindranoe g
coupling
products
fa s t
K
fa s t
0
s t e r io
hindrance
polym eric
products
f a s t
In form ulating h is  recent m odification o f  Ruohardt and
"I I %
Freudonborg’ s theory, Suschitzky o itod  the formation of 
a ce ty l f lu o r id e  in  the decomposition o f £-fluoro«-N-nitroso-*' 
ace t a n i l i  de in  benzene as evidence for  h e tero ly s is  o f the 
nitrosamide;
£-S'-CgHj -^J[l(NO)Ao £-F-CgH -U=N-OAo >£-P-CgH^-Ng OAo
\!/£*-OAo-C^ '
iAoP
Perhaps the de a cé ty la tio n  o f aoetoxy-N -n itrosoacetan ilide  
points to  an a ltern a tiv e  path to  a ce ty l f lu o r id e , not 
requiring h e to ro ly s is  o f  the nitrosam ide to  an acylium cation;
2k6.
£-F -C gH  - î î (NO)Ao ------- > £-F-C gH ^-N =N -O Ao-------  ^ ^-F-CgH ^-N^ OAo
AoP + £ -0 -C gH  -Wg <- -AoO-C.H, -w t f '  6 4 2
In v estig a tio n  of the reaction s of 4’“9'OBto3cy-2,5'"â.i-t-'butyl- 
N -n itrosoacotan ilid e thus provided valuable in s ig h t in to  the 
decomposition of l)4~"di-t-butyl^2,5-di-(N -nitro8oacetam ido)-  
benzene* F ir s t ,  i t  demonstrated that even i f  4“*aoetoxy-2,3^ 
d i-t-b u ty l-N -n itro so a ceta n ilid e  were formed i n i t i a l l y ,  i t s  
subsequent reaction  would not bo as had been predicted*
Secondly, since the y ie ld  of 2 ,5 -d i-t-b u ty lp h en o l (^.In/lOOm) 
from the acetoxynitrosam ide exceeded that from the dinitrosamido 
( 0 , 25m/l00m) by a fa c to r  of twenty, i t  seemed u n lik e ly  that
l,4-di"-t-butyl-2,^-di-(N -"nitrosoacetam ido)benzene had i n i t i a l l y  
formed the acetoxynitrosamide as a major product* F in a lly , 
i t  suggested that tho com plexity o f  the r e a c tio n s  o f the d i-  
nitrosam ide might be a consequence o f marked in te ra c tio n  
between the two nitrosam ide fu n ction s, as fo r  example;
Ac— N
F=,N-OAc
N = 0 AcO
Ac — IT"" I IM 0
247.
I t  should be noted th at no atten^t was made to  d etect a c e tic  
anhydride in  the reaction s o f the dinitrosamide*
2 .5 - ^ i - t - b u ty lr l , ^ -di** ( N-ni t r  o s oao e t  amido ) bens ene
Since com plications in  the reaction  of 1 ^ 4"^di*-t-butyl- 
2,5'“di-(N-nitrosoacetainido)benzene probably r e su lt  from 
in tera c tio n  between the two nitrosam ide fu n ction s, i t  was 
reasoned that the decomposition o f the corresponding m- 
dinitrosam ide (XXX) might be a sim pler reaction , and should 
c e r ta in ly  afford a sample o f 2 ,5-di~‘t-b u ty lreso ro in o l 
diaootate (XK IIl), whose absence from other reaction s had 
been surmised rather than proven*
H(NO)Ao OAc
AoO
(XXII) ( XXIII)
The id e n t if ie d  decomposition products of 2,3*“d i-t-b u ty l-  
l,3^di-(N -nitrosoaoetam ido)benzene (XXX) in  benzene, 
includ ing biphenyl (6*8n/l00m) and 2,3*^di-t-butylphenyl 
acetate  (4 .8q /l00m ), accounted d ir e c t ly  for  only 6^  o f the 
dinitrosam ide5 and sin ce no important product which could  
be d etected  ( g . l . c . )  remained u n id en tified , i t  was c lea r  
that th is  was by no means a simple reaction . 2,3"*I l^"*t- 
b u ty lresoro in o l d iaceta te  was formed, as p red icted , but in
2 4 8 .
suoh low y ie ld  (0*6m/l00m) as to  p roh ib it i t s  is o la t io n  in  a 
pur© state* The method o f preparation of l,3~diacetamido-»
2.5-di-»t-butylbenzene (p .8 l)  was such that the absence o f  
traces o f l,4~diacetam ido-2,5-*di~t-butylbenzene could not be 
guaranteed* Thus the formation of a small amount o f
2 .5 -di-t-butylhyclroquinone d iacetato  (XXII, 0*4c/l00Ea) i s  
not n ecessa r ily  in d ica tiv e  o f aryne p a rtic ip a tio n  in  the  
decomposition o f 2 ,5 -d i-t-b u ty l-l,3 '" d i-(N -n itrosoaoetam id o)-  
benzono* With cyclohoxane as so lv en t, the y ie ld s  o f the  
two d ia ceta tes  (2 .0  and 1.2n/l00m ) and 2 ,3 -d i-t-b u ty lp h en y l 
acetate (l3.7ny^l00m) were appreciably higher than in  benzene, 
but no ad d ition al u sefu l inform ation v/as obtained*
The id e n tity  o f  the 2 ,5 -d i-t-b u ty lr e so r o in o l d iacetato  
(XXIIl) formed in  those experiments was estab lish ed  as 
described below:
a) A small quantity (lym g.) o f  m aterial co n sistin g  o f two 
components 4  (ca* 40^) end B (ca* 6 0%) was iso la te d  (p . 173)*
The g .l .o *  (NPG-8 c a p illa r y , 190°) reten tion  time o f A ( l6 .0  m in.) 
was id e n tic a l to th a t o f authentic 2 ,3~di-t-butylhydroquinone 
d iaceta te  (XXIl), and s l ig h t ly  shorter than that o f  B (l6*6 m in .)*
b) The n.m .r. spectrum of th is  m aterial was compared with  
that o f  authentic 2 ,3 -di-t-butylhydroquinone d iacetato  (XXIl).
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Aromatic Methyl
(A + B) % 2 .9 9 ,3 . i 6(2H ) 7 .6 7 ,7 .7 0 (6 h ) 8 .6 0 ,8 .6 7 ,8 .7 2 (1 8 H )
(XXEI) % 2 .9 8  (2H) 7.67 (6H) 8 .6 6  (X8H)
A ll absorptions were s in g le t ,  and the peaks in  the spectrum 
of (a + B) had in te g r a ls  in  the ra tio  expected for a 
mixture of (XXIl) and 2 ,3**di-t~butylresoroinol d iaoetate  
(X X IIl). The appearance o f two t-b u ty l resonances in  the 
spectrum of (A + B) in  addition to  that in  the spectrum o f  
(XXIl) was co n sisten t vd.th the presence o f (X X IIl), in  
v/hich the t-b u ty l groups are non-equivalent,
c) Further p u r ifica tio n  (p, 174) y ie ld ed  component A, which had 
an i . r ,  spectrum in d istin gu ish ab le  from that o f authentic
2 ,3-di-t-butylhydroqxainone d ia ceta te  (XXIl)*
d) A trace of m aterial containing approximately 'Jüfo o f B was 
iso la te d  and examined by mass spectroscopy. The more important 
peaks in  the spectinm o f th is  mixture and of authentic 2 ,5 -d .i-  
t-butylhydroquinone d iaceta te  (XXIl) are recorded below,
(Abundances are approximate v a lu es, expressed as a percentage 
o f the abundance o f the ion  with ii/e  222),
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Abundance (^) Abundant Abundance (^)(XXII) i à j L M U  + B) (XXII) B)
306 5 .4 10 .6 179 2 .2 9.5 77 4 .7 7 .2
291 0 .5 2.5 177 2.3 2 .9 69 4 .1 4 .3
264 14.5 35.5 175 1 .2 2.3 67 5 .6 5 .4
249 2.8 7 .5 165 3e8 5 .7 57 19.0 33.5
231 0 1.3 163 4 .0 6 .4 55 9.0 9.5
222 100 100 105 4 .2 5 .8 43 55.0 6 7 .1
207 5 1 .1 109 91 7 .0 9 .8 41 2 3 .0 2 7 .9
191 8 .9 1 4 .6 79 4 .2 6 .3 39 8 .9 9 .8
The mass spectrum o f the mixture, in  which 2 ,5 -d i‘~ t-h u ty l-  
hydroquinone d iaoetate  was the minor component, contained  
only one important peak (n /e 25l) not present in  the 
spectrum o f  pure (XXEl), su ggesting , though not proving, 
that the major component o f  the mixture was an isomer of 
(XXIX).
The combined evidence from n .m .r. and mass spectroscopy was 
considered ample ju s t if ic a t io n  for  assigning to  component B the 
structure 2 ,5 -d i-t-b u ty lr e so r o in o l d iaoetate (X X IIl).
Having iso la te d  a specimen o f 2 ,5 -d i-t-b u ty Ireso ro in o l 
d iaoetate (contaminated with the hydroquinone d ia ce ta te ) i t  
v/as p o ss ib le  to confirm that i t  was not a product o f the
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reaction s o f 1 ,4-di"~t -b u ty l-2 ,5 -di"" (N-ni t  r o s o ace t  ami do ) ben z ene 
and if”a'0etoxy-2 ,5 -d i-t-b u ty l-N -n itro so a ce ta n ilid e  *
Other o-Substitu ted  AcetylaryInitrosam ines
Confirmation o f the anomalous behaviour o f o -t-b u ty l-N -
n itro so a o eta n ilid e  being a consequence o f the bulky ^ -su b stitu en t
might be forthcoming from an in v estig a tio n  o f the reaction s of
acetylaryInitrosam ines with o -su b stitu en ts o f comparable s iz e
but d iss im ila r  e lec tro n ic  character. An obvious ch o ice , in
sp ite  o f  the in ev ita b le  syn th etic  d i f f i c u l t i e s ,  was o -tr ic h lo r o -
methyl-JT-nitro soace t a n i l i  de *
N itra tion  o f b en zotrich lorid e with 30^ n it r ic  acid  in
212sulphuric acid  i s  reported by Scherer and Hahn to  give 
m -nitrobenzotrichloride in  90^ y ie ld ,  and although other
OT Xworkers have suggested that a sm all amount (up to  7 ^ ) o f
o-n itrob en zotrioh loride i s  formed, th is  isomer has not been
is o la te d , Even i f  o-n itrob enzotrioh lorid e were a v a ila b le ,
reduction o f the n itro  fun ction  without a ffec tin g  the
triohlorom ethyl group would not be rea d ily  accomplished,
172Henne and Newman found that b en zotriflu orid e could  
not be acetylated  under F riedel Grafts conditions with  
a ce ty l chloride and aluminium chloride* in stead  the product 
was b en zotrich lorid e. More recen tly  th is  procedure has 
been adapted to the preparation of 3*"Ohloro-5*-uitrobenzo-
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tr io b lo r id e  and 3*5“d in itrob enzotr ioh lorid e. 173 Several
attempts were made in  the present in v estig a tio n  to convert 
£ -tr iflu orom eth y laoetan ilid e  in to  the triohlorom ethyl compound, 
hut without su ccess. I so la t io n  o f N -acety lan th ran ilic  acid  
c le a r ly  in d icated  th at reaction  had occurred, hut that the 
i n i t i a l  product had su ffered  hydrolysis;
Cr
CO JÎCCI
NïïAo
?
No v o la t i le  m aterial could he iso la te d  when water was '
excluded from tho work-up procedure*
214Mayer and Soheithauer have prepared a number o f  
d eriv a tiv es  o f benzotrich loride hy trea tin g  the methyl e s te r  
o f the corresponding d ith iohenzoic acid  with phosphorus 
pentaohloride ;
CSgMe
O ' ”
PCI
There seemed, hovmver, l i t t l e  prospect of syn th esisin g  the 
d ith io e ste r  and converting i t  in to  the triohlorom ethyl 
compound i f  the su b stitu en t R were an amino or aoetamido 
group.
A ttention  was turned to  other voluminous e le c tr o n -  
a ttra ctin g  su b s titu te n ts , such as diphenylphosphinyl 
(PhgP=0), o-Aoetamidophenyldiphenylphosphine oxide was
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prepared, but subsequent n itro sa tio n  gave only p a r t ia l
conversion* L it t le  information could be deduced from the
decomposition o f  the impure nitrosam ide (XXXl) in  benzene,
la rg e ly  because o f a n a ly tica l d i f f i c u l t i e s .  Both g , l , c ,
Ph_P=0 Ph P=:0 PhgPeO
Î I ( I IO )A o I  OAc
' • O '  OAo
(XXXI) (XXXII) (XXXIII)
and d is t i l la t io n  were excluded by the in v o la t i l i t y  o f  
d eriv a tiv es  o f triphenyIphosphine oxidej while the p o la r ity  
o f the diphenylphosphinyl group n ecessita ted  the use o f  
polar so lven ts (eth er and a lcoh ol) to  e lu te  any o f  the 
products from a chromatography column, with consequent poor 
separation and c o -e lu tio n  of tarry m aterial. Although an 
authentic specimen o f jo-acetoxyphenyldiphenylphosphine oxide 
(XXXIl) was prepared, the presence o f the e s te r  among the 
reaction  products could not be unequivocally estab lish ed ;  
fa r  le s s  that o f the m-acetate (XXXIIl), o f which no 
authentic sample was available*
The decomposition o f nitrosam ide (XXXl) in  benzene 
containing anthracene afforded small amounts o f two 
products, (XXXIV) and (XXXV), having sim ilar m elting p oints  
(228-9^ and 227"^^) and elem ental an alyses, and the same 
molecular weight (45 1^-) determined by mass spectroscopy.
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Although the i . r .  spectra o f both compounds contained a band
/ -Isthat could be a ttr ib u ted  to  the P=0 group (oa, 1200 cm, ) ,
they were c lea r ly  d iffe r e n t , as a lso  were the u .v . and n.m.r, 
spectra* F ive long-wavelength absorptions (316, 332, 348, 
365 ,5  and 38 4 ,5  cy\) ch a ra c te r is tic  of an anthracene d erivative  
were observed in  the u .v , spectrum of (XXXIV), which resembled 
the spectrum o f 9 -p h en y la n th r a o e n e m o r e  c lo se ly  than that
215
of the 1 -  or 2 -su b stitu ted  compound. 217 Moreover, since both
21Ô 38 127th e o re tic a l ca lcu la tio n  and experimental observation * 
suggest that hem olytic su b stitu tio n  w i l l  occur at p o s it io n  9 
in  anthracene, th is  product (XXXXV) was assigned the structure  
9-(o-diphenylphosphinylphenyl) anthracene,
PPL
(XXXIV) " (XXXV)
Coinpound (XXXV), a stru ctu ra l isomer o f (XXXIV), did not
react with maleic anhydride in d ica tin g  that the anthracene
moiety had lo s t  i t s  d ien ic r e a c t iv ity . S in g let absorptions
in  the n .m .r, spectrum ( t  3 .81  and 4 . 5 6 ) at a higher f i e l d -
strength than i s  usual fo r  aromatic protons suggested the
presence o f  bridge-head hydrogen atoms as in  tr ip tycen e( 4 , 6 ) , 156
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That one of these should he appreciably desh ielded  with respect 
to  trip tycene i s  co n sisten t w ith the structure 1-diphenylphos- 
phinyl tr ip  tyc ene fo r  product (XZXV).
D espite the poor elem ental an a lysis r e su lts  (not uncommon 
fo r  phosphorus-containing compounds) the evidence presented  
above i s  considered s u ff ic ie n t  ju s t if ic a t io n  fo r  the stru ctu ra l 
assignments made. I so la tio n  o f 1-diphenylphosphinyltriptycene 
appears to  be e x c e lle n t  evidence fo r  the p a rtic ip a tio n  o f an 
aryne interm ediate in  the decomposition o f diphenyl [_o-(N-.nitroso* 
a cet ami do ) phenyO^phosphine ox id e.
Although le s s  voluminous and more f le x ib le  than the 
diphenylphosphinyl group, a diethoxyphosphinyl su b stitu en t 
i s  s t i l l  bulky compared, fo r  example, with the carbethoxy 
group, fu rth er , since d ie th y l phonylphosphonate  i s  more 
v o la t i le  than triphenylphosphine oxide, i t  seemed l ik e ly  that 
the decomposition o f d ie th y l o-(N -nitrosoacetam ido)phenyl- 
phosphonate (ZXXVl) would be both in te re stin g  and amenable
(EtO) P=0 (EtO) P=0 (Et0)_P=0
^  N(NO)Ac '
OAc
(XXZVI) ( XXXVII) ( XXXVIII)
to  examination by g , l , c .  The major product from the 
decomposition in  benzene was, however, d ieth y l 2—biphenyiyl 
phosphonate (XXXVII, 22,8n/l00m) formed by normal homo ly t ic
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su b stitu tio n . The formation o f a sm all amount o f d ie th y l 
m-aoetoxyphenylphosphonate ( XXXVII I .  I,05m/l00m) doubtless 
in d ica tes  some aryne p a rtic ip a tio n ; but without loiowledge of  
the mechanism by which oarboxylic acids add to benzyne, i t  i s  
im possible to  a ssess  how much, i f  any, o f the o -aceta te  
(7,7m/l00m) resu lted  from a dehydroaromatic in term ediate. In 
many resp ects , includ ing formation of the abstraction  product, 
d ieth y l phenylphosphonate (4,ëm /l00m ), accompanied by only  
a trace o f biphenyl, th is  reaction  i s  very sim ilar to the 
decomposition of m -t-b u ty l-N -n itrosoacetan ilid e , and apart 
from the small y ie ld  o f  m -acetate, there i s  no ju s t i f ic a t io n  
fo r  c a llin g  i t  anomalous.
Conclusions
The work described in  th is  th e s is  has been concerned, 
fo r  the most p art, to e s ta b lish  the part played by aryne 
interm ediates in  the reaction s o f acetylaryln itrosam ines  
in  benzene. P a rtic ip a tio n  by 5-t-butylbenzyne in  the 
decomposition o f o-t-butyl*-W -nitro soacet a n ilid e  has been 
confirmed, and i t s  ro le  in  the reaction  in v estig a ted . In  
the absence o f  an arynophile th is  interm ediate reacts with 
a ce tic  acid to  give m -t-butylphenyl aceta te , but l i t t l e ,  
i f  any, of the o-isom er; w hile some t-butylbenzone may be 
formed by reduction o f the aryne. The major decomposition
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product, o*-t-butylphenyl a c e ta te , i s  doubtless formed la rg e ly  
from the aryl carbonium io n , which may a lso  be a cru c ia l 
interm ediate in  the generation o f 5-t-butylbengyne;
N(m )Ac
, HssN—OAc 4* “*Mg OAc
I asic
4- AcOH
OAc à
OAc
N-M itrosoacotanilido and m- and £«t'-butyl-N-nitroso*- 
a oetan ilid es do not appear to  decompose by way of a true 
aryno, notwithstanding th e ir  formation o f adducts w ith  
2,3>4|5~‘tetraphonyloyclopentadienone, Having shown that an 
aryl ra d ic a l, carbanion or carbonium ion  i s  u n lik e ly  to  be 
responsib le fo r  the adduct, i t  seems probable that the 
dipolar conjugate base o f the aryldiazonium cation  (e#g. ZXl)
i s  the arynoid interm ediate;
PhN(NO)Ao ------------ > Ph-N«N»-OAo1
OAc •————— slow
4M OAo
sev era l tagei
r a d ic a l products adduct
AcOH
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The anomalous behaviour of o-'t-b uty l-N -n itrosoaoetan ilid e  
m i^ t  therefore be simply a consequence of s te r io  stra in  in  
the diazonium cation  causing rapid elim ination o f n itrogen .
The re su lts  from th is  new in v e stig a tio n  in  no way confirm or
gd isaffirm  Cadogan and Hibbert^s hypothesis that the nitrosam ide, 
because o f i t s  voluminous o -su b stitu en t, rearranges to  the 
o is -  (rather than the usual trans- )  d iazoaoetate.
At le a s t  some of the t-butylbenzene formed by ^ -t-b u ty l-  
N -n itro so a o eta n ilid e , and a l l  th at from the m- and £-isom ers, 
a r ise s  by a non-aryne mechanism. While rad ica l abstraction  
seems to be the l ik e ly  path, the source o f hydrogen, which 
p o ssib ly  i s  not the same fo r  the £—nitrosamide as fo r  i t s  
m- and £-^isomers, remains u n id en tified .
Of the other acetylaryln itrosam ines in v estig a ted , only 
2 , 5 ’-d .i-t-b uty l-M -n itrosoaoetan ilid 0 decomposes to  a considerable 
extent through an aryne in term ediate, and even here most o f  
the 2 ,5 -d i-t-b u ty lp h on y l acetate i s  formed from a carbonium 
io n . R esu lts o f  experiments with A'-a'0etoxy-2 , 5 -d.i-‘t -b u ty l-  
N*"nitro soacet a n ilid e  and £-acetoxy-N «nitrosoacet a n ilid e  
suggest that com plications in  the decomposition of l,A-&i*" 
t'"butyl'-2, (^'-nitro soacetamido)benzene a r ise  from 
in tera ctio n  between the nitrosam ide fu n ction s. I t  i s  
su rp rising , however, that the decomposition o f 2 ,5 ~ d i-t~  
b u t y l- l ,3 ""di"'(N-^nitrosoacetamido )benzene, in  which the
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N -rdtrosoaoetam ido groups are meta to  one an oth er , should  a ls o  
be h ig h ly  complex*
W hile the p r e se n t in v e s t ig a t io n  o f  s u b s t itu te d  aoety lary l*  
n itro sa m in es v/as in  p r o g r e ss , new in form ation  r e la t in g  to  the  
d ecom position  o f  un s u b s t itu te d  N***nitro so a ce t a n i l id e  in  benzene 
became a v a ila b le *  T his has been r e fe r r e d  to  where r e le v a n t ,  
but in  g en era l o f f e r s  l i t t l e  a s s is ta n c e  to  com prehension o f  
th e  r o le  o f  e i t h e r  aryne or arynoid  in te rm e d ia te s  in  th e  
decom position  o f  a c e ty la r y ln itr o s a m in e s .
Some aryne p a r t ic ip a t io n  was d iagnosed  in  th e  r e a c t io n s  
o f  d ip h en yl - n i trosoacetam id o) pheny3] phosphine ox id e  and 
d ie t h y l  o -(N -n itro so a ce ta m id o )phenylphosphonate  in  b en zen e, 
alth ou gh  in  the l a t t e r  case  th e  major product was th e  * normal* 
b ia r y l .  Much scope rem ains fo r  stu d y in g  the r e a c t io n s  o f  
a c e ty la r y ln itr o sa m in e s  w ith  bu lky o - s u b s t it u e n t s ,  a lthou gh  
the form idable s y n th e t ic  problem s in h eren t in  suoh work w i l l  
n ot e a s i l y  be so lv e d .
In  s p ite  o f  th e  w ea lth  o f  in form ation  a lrea d y  a v a i la b le ,  
th e  nature and th e  r o le  o f  each o f  th e  var iou s r e a c t iv e  
in te rm e d ia tes  in  th e  ch em istry  o f  a c e ty la r y ln itr o sa m in e s  
i s  n o t f u l l y  u n d erstood , and w i l l  d o u b tle ss  con tin u e  to  
a t t r a c t  a t te n t io n  f o r  many y e a rs  to  come.
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